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ABSTRACT 
Water is an integral constituent of life and one of the most important natural 
resources. The present domain of life existing on earth has evolved in water. Water 
presents a wonderful picture where thousands of living genera (from bacteria to 
higher forms) are found. About 70% of the earth's surface is covered with water 
contributing about 2.3 % to total freshwater and rest is salt water (Wetzel, 1983). Due 
to rapid industrialization and developmental activities all water resources have 
become polluted. Under such conditions the shallow and small water bodies such as 
ponds are more vulnerable to change in water quality through input of wastes and 
nutrients. Nutrients enrichment causes eutrophication, which has both beneficial and 
harmfiil impacts on these aquatic environments. Keeping in view the present scenario, 
it has become essential that we comprehend in some detail the fundamental properties 
of freshwaters. Limnological studies are important in finding principles and general 
relation to water management, rational utilization of water resources and means to 
check pollution. Present scientific policy of government of India is to utilize many 
derelict wastewater bodies including ponds, swamps and wetlands that are unutilized 
or underutilized due to lack of proper limnological data. Hence, present study is 
undertaken to assess the limnological status and the use and availability of these 
waterbodies for fish culture. 
The basic aim of the present study is to produce baseline limnological data on 
these derelict waterbodies, which would be helpful in the management and 
conservation strategies for aquaculture practices. 
The present thesis incorporates the results of studies conducted on limnology 
of some derelict waterbodies located in Aligarh region of Western U.P., Northern 
India. These shallow waterbodies are usually rain fed and receive effluents from 
nearby locality. 
Under physical limnology, transparency, turbidity and temperature were 
studied. Transparency of water, the depth up to which light-penetrates in a water 
body, can be used as a reliable indicator of productivity. It was recorded minimum 
during August 2000 in ponds I and II and during June in pond III. All these ponds 
showed maximum transparency during post-monsoon and winter after all the 
suspended matter settled down. Light availability at various depths found to be 
affected by the presence of TSS and plankton in the water column. Statistically, 
significant and negative relationships between transparency and TSS and TS were 
noted. 
Turbidity is the measurement of the extent to which light is either absorbed or 
scattered by suspended particles in water. Maximum turbidity was recorded during 
monsoon months and minimum during post-monsoon and winters after all suspended 
matter settled down. Statistically, a positive and significant correlation was found 
between turbidity and transparency in these waterbodies (since turbidity is taken in % 
T otherwise relationship is inverse). 
Temperature of surface water varied in accordance with the temperature of 
air. Both have highest value during summer and lowest during winter in these water 
bodies. Statistically, very significant and positive correlation was found between air 
and water temperatures. 
Total solids represent both total suspended solids and total dissolved solids. 
Various kinds of minerals, nutrients, inorganic substances etc. constitute TDS, which 
are utilized by aquatic organisms. These make TDS a useful parameter in determining 
the productivity of lakes and ponds (Reid, 1961; Hutchinson, 1975). All these 
parameters showed fluctuations depending upon evaporation, sedimentation and 
dilution during different seasons. Higher concentrations during monsoon months were 
found to be mainly due to input through surface run-off 
Under chemical limnology, pH, dissolved gases and dissolved nutrients were 
studied. pH of any aquatic system is a suggestive of acid-base equilibrium achieved 
by various dissolved compounds. Hence, it is generally considered as an index for 
knowing the suitability of environment for any purpose and is also regarded as one of 
the most important factors affecting the productivity of a water body (Welch, 1952). It 
ranged between a minimum of 8.3 to a maximum of 9.3 indicating dominance of 
photosynthetic activity in these water bodies. 
Carbon dioxide was never recorded in any of these ponds perhaps due to 
active photosynthesis and complete conversion of CO2 into stable carbonates. 
Total alkalinity of water, as usually refers to the quality and quantity of 
compounds present, is imparted by bicarbonates, carbonates, hydroxides and less 
frequently by borates, silicates and phosphates in inland waters. In the present study, 
alkalinity was contributed by carbonates and bicarbonates, except in pond III, during 
certain months, when hydroxide alkalinity was detected. Total alkalinity was found to 
be always >100mg/L except in pond III where sometimes it was lower than this value. 
These waterbodies can be put under the category ''productive" on the basis of 
classification given by Alikunhi (1957) and can be considered nutrient rich (Spence, 
1964). 
Dissolved oxygen of any water body forms an important parameter in the 
assessment of water quality because it influences the life of aquatic organisms. 
Oxygen gets into water by diffusion from the surrounding air by circulation or 
agitation of water. It is also produced as a byproduct of photosynthesis within the 
water body itself It showed wide fluctuations, showing highest and lowest values 
depending upon several factors like temperature, phytoplankton number and 
decomposition. It fluctuated between 4 - 8.4 mg/L in pond I, 2.6 - 7.2 mg/L in pond 11 
and 2.2 - 6.4 mg/L in pond III. 
Hardness, like alkalinity, is also an important parameter in determining the 
toxic effects of poisonous elements. Urmi (1983) has suggested that total hardness can 
be used as an indicator for classifying domestic pollution in water. It reached to its 
maximum during summer due to excessive evaporation and minimum during 
monsoon due to dilution caused by rainwater. However, pond III showed higher 
values during winter, which might be due to irregular addition of large quantities of 
sewage and detergents. These waterbodies can be classified under the category of 
''hard water", and higher values of hardness than alkalinity is an indication that 
hardness is mainly contributed by carbonates. 
Sulphates are contributed to these ponds mainly fi-om biogenic sources and 
organic matter fi-om catchment area containing sulphur as sulphate or sulphide. It 
ranged between 27.50 to 120.00 mg/L. On the basis of Moyle's (1949) classification 
of water, based on the presence of sulphate and total alkalinity, these water bodies are 
placed under "Hard water" category with high biological productivity. 
Dissolved nutrients in a water body play a very important role in the 
metabolism of various groups of aquatic organisms. Nutrients, like phosphates, 
nitrates and silicates are necessary for production. Phosphorous is one of the 
important nutrients governing overall algal grov^h (Hecky and Kilham, 1988). The 
major supply of phosphorus in these waterbodies comes from agricultural areas, 
incoming domestic wastes, detergents used by washermen and animal excreta during 
cattle washing. Phosphates-phosphorus showed a range of 0.27 to 1.91 mg/L. 
Phosphates are released as a result of decomposition of phosphate rich detritus. 
During summer, biological degradation at high temperature was responsible for 
higher values to some extent. Phosphate showed direct relationship with temperature. 
These waterbodies are eutrophic because phosphates were always found higher than 
the range (0.003 to 0.03mg/L) given by Sinha (2001) for eutrophic waterbodies. 
The major source of nitrogen input to these waterbodies include both allogenic 
and autogenic. Nitrate-nitrogen is one of the most stable form in nitrogen cycle. It 
ranged from 0.06-0.23 mg/L, showing its minimum concentration during winter and 
maximum during June, 2000 in ponds I and II and during August, 2000 in pond III. 
Higher values during summer include decomposition of organic matter, excessive 
evaporation during summer and due to surface run-off carrying fertilizers from the 
surrounding agricultural fields during rainy season, especially in ponds I and II. 
Ammonia-nitrogen is produced largely by ammonification of organic 
nitrogen through decay causing ammonifying bacteria and hydrolysis of urea. 
Selected algal species are endowed with nitrogenase enzyme complex that allow the 
fixation of atmospheric nitrogen to ammonia (Baker and Herson, 1994). The 
concentration of ammonia-nitrogen fluctuated between 0.013 - 0.141 mg/L with 
higher values during summer and monsoon months and lower during winters. It might 
be due to mineralization that leads to the biological transformation of organically 
combined nitrogen to ammonia-nitrogen during degradation of organic matter. 
Statistically, a significant and positive correlation was found between NH3-N and 
temperature. 
Nitrite-nitrogen is an unstable intermediate compound in nitrogen cycle, 
which forms due to complete bacterial oxidation of organic nitrogen. It showed a 
peculiar trend of maxima and minima with a range of 0.03 - 0.58 mg/L. Higher values 
of nitrite-nitrogen in these waterbodies are due to the action of certain nitrifying 
bacteria (Nitrosonomas) on ammonia which is released during the decomposition of 
green aquatic organisms including both phytoplankton and macrophytes. 
Silica is essential nutrient for diatoms that build their frustules of this glassy 
material. It's main sources in freshwater are weathering of extremely abundant 
feldspar rocks, addition of silicate particles from surrounding catchment areas, 
eutrophication and regeneration from the silica frustules. Silica ranged from 
0.216-1.310 mg/L, with higher values during summer in ponds I and III and during 
monsoon months in pond II, while minimum values were recorded during February, 
2001 in ponds I and III and during November, 2000 in pond II. Direct relationship 
between dissolved silica and temperature proves the fact that concentration increases 
at higher temperature within the range found in freshwaters (Wetzel, 1983). 
All natural waters contain a variety of organisms, both plants and animals. The 
plant and animal community in a water body represents the sum of prevailing 
environmental conditions. Thus, the ecology of plankton of any water body is very 
helpfiil in knowing its general economy and to understand the basic nature of a given 
water body. 
Phytoplankton are the chief primary producers of any aquatic envirormient 
which fix solar energy by the process of photosynthesis and assimilate carbon dioxide 
to produce carbohydrates. The members of the groups Chlorophyceae, Myxophyceae, 
Euglenophyceae, Bacillariophyceae and Desmidiaceae contributed to total 
phytoplankton. All these groups including genera have their own distribution pattern 
in these waterbodies. No particular defined factor was found to be responsible for the 
seasonal abundance of these groups and genera. It has been observed that a number of 
factors such as temperature, nutrients as well as biotic are operating simultaneously to 
bring the given results. Moreover, when a water body is perturbed by continuous 
addition of nutrients, phytoplankton response can easily be masked by variations 
induced by other factors. 
Microcystis, Spirulina, Anabaena and Agmenellum represented the group 
Myxophyceae. According to Clarke (1924), the blue-green algae are the characteristic 
of tropical waters and largely form the water blooms. 
The green algae, chlorophyceae, contain a great number of morphologically 
diverse organisms of varied ecology. This group is represented by ten genera in these 
waterbodies {Crucigenia, Ankistrodesmus, Scenedesmus, Protococcus, Tetraspora, 
Ulothrix, Spirogyra, Chlorella, Pediastrum and Actinasrum). Some of them showed 
continuous presence while others disappeared during some months of the year and 
appeared again when condition became favorable. 
Euglenophyceae group is represented by only two genera, namely Euglena 
spp.(£'. acus and E. deses) and Phacus sp. throughout the study. Kumar and Gupta 
(2002) in their study on some ponds of Santal Pargana (Jharkhand) in India have 
reported euglenoids as biological indicator of organic pollution. 
BaciUariophyceae, diatoms, form the most important group of freshwater 
phytoplankton. They were always recorded in significant numbers.. Cydotella, 
Amphora, Navicula, Nitzschia, Synedra and Diatoma represented diatoms in these 
waterbodies. Polymodal maxima of diatoms in the present study were found to be 
related to available amount of dissolved silica in ambient waters. Statistically, a 
significant and positive relationship was found between these two parameters 
suggesting silica was never a limiting factor for development of diatoms. 
Desmidiaceae was represented by two genera, Closterium and Cosmarium. 
These two genera showed continuous presence, however, few in numbers. Present 
study substantiated the general belief that small waterbodies have more myxophyceae 
and less desmids (Hosmani, 2002). 
Zooplankton are small animals that float freely in the water column of lakes 
and oceans and those distribution is primarily determined by water movements and 
mixing. The Ireshwater zooplankton fauna of these water bodies comprises four major 
groups viz. Cladocera, Copepoda, Rotifera and Ostracoda. Monthly zooplankton 
density fluctuated from 41-122 no./L in these waterbodies. Among various factors, 
both abiotic and biotic, like availability of food (phytoplankton) were found to be 
much pronounced in zooplankton abundance. A strong and significant correlation was 
found between zooplankton and phytoplankton. 
Rotifers are termed as ''wheel animalcules" because of their characteristic 
wheel organ or corona. Rotifers did not show any distinct pattern of occurrence. 
Rotifers were represented by Brachionus sp., Keratella sp., Testudinella sp., Filinia 
sp., Notholca sp.and Lecane sp. of which Brachionus sp. was found to be dominant. 
Cladocera, commonly known as "'water fleas" were represented by Daphnia 
carinata, Moina micrura, Ceriodaphnia cornuta and Leptodora sp. Maximum 
cladoceran density was reported during winters. Lesser diversity of species might be 
due to intense grazing pressure by planJctivorous fishes throughout the year resulting 
in elimination of these large sized animals and eutrophic nature of waterbodies 
restricting species richness. 
Copepods are very ancient arthropods and are also often termed as ''water 
fleas". Two species of cyclopoid copepods, namely Cyclops sp., Mesocyclop lecurarti 
and one species of calanoid copepod, namely Diaptomus sp., were recorded. M. 
leuckasrti was found to be the most dominant in all the three ponds. They were 
recorded higher during summer and a quite good balance was seen among these three 
genera, except that cyclopoid copepods were always recorded higher than that of 
calanoid copepod. 
Ostracods resemble miniature mussels and mussel shrimps. This group 
contributed least to total zooplankton but showed continuous presence. This group is 
represented by only one species, Cypris sp., in these waterbodies. 
Eggs and nauplii were also recorded in large numbers throughout the study 
indicating that zooplankton are prolific and continuous breeders. 
All ecosystems are provided with the capacity to build primary organic 
compounds from inorganic substances at the expense of the external radiant energy 
(Paul and Verma, 1999). The evaluation of the primary productivity of a water body 
permits some estimates regarding expected trends of change in productivity under 
changing conditions and is a prerequisite for the rational management of inland 
waterbodies. The monthly observations regarding gross primary productivity 
(GPP), net primary productivity (NPP), community respiration (CR) and 
chlorophyll -a, values along with phytoplankton biomass were noted. All these 
parameters showed both temporal and spatial variations. In pond I, gross primary 
production was found to vary between 0.98-2.13gCW/hr, with minimum during 
August, 2000 and maximum during March, 2000. In pond II, it varied from 0.64-1.86 
gCW/hr, being maximum during April, 2001 and minimum during January, 2001. In 
pond III, it showed variations between 0.68-2.10 gC/m^/hr, with maximum in May, 
2001 and minimum in March, 2000. The values for net primary production (NPP) in 
pond I varied between 0.38-1.41 gC/m^/hr, with maximum in May, 2000 and 
minimum in January, 2001. Pond II showed variations between 0.11-1.43 gCW/hr 
with minimum in February 2000, and maximum during April, 2001, whereas in pond 
III, the values varied between 0.12-1.75 gC/m /hr with maximum in May, 2001 and 
minimum in March, 2000. 
Community respiration (CR) was also foimd to fluctuate in different ponds 
during different months. Highest value of CR (0.82gC/m^/hr) was observed in the 
month of January, 2001 in pond I and lowest (0.33 gC/m^/hr) was recorded in the 
month of April, 2001 in pond III. In these ponds, high CR rate coincided with high 
zooplankton density and low CR with low zooplankton density. Therefore, it can be 
said that fluctuations in CR rate were in close agreement with the fluctuations in 
zooplankton density. Statistically, a significant positive correlation was obtained 
between CR rate and zooplankton density. 
Chlorophyll-a concentration which is a measure of standing crop in these 
waterbodies, was found to fluctuate between 0.66 mg pigment/L in August, 2000 and 
1.29 mg pigment/L in January, 2001 in pond I, 0.48 mg pigment/L (November, 2000) 
and 0.88 mg pigment/L (January, 2001) in pond II and 0.60 mg pigment/L (February, 
2001) and 1.10 mg pigment/L (May, 2001) in pond III. The productivity values in 
these water bodies coincided with high and low numerical presence of phytoplankton 
and thus high and low values of chlorophyll-a to some extent. However, during 
winters, production was low in spite of high phytoplankton density. Stastically, a 
weak but positive correlation was found between NPP and temperature. It might be 
due to comparatively low temperature in winter than in other seasons. GPP values 
were always found relatively higher than NPP due to the fact that phytoplankton cells 
lose an appreciable amount of simulated carbon during metabolic activities 
particularly through respiration and excretion. Statistically, a significant and positive 
relationship was obtained between CR and zooplankton density. 
Macrophytes were noted in quite good numbers. The macrophytes growing 
near the shoreline were found in small numbers due to grazing by cattle, but recorded 
more during monsoon and post-monsoon months, the periods of their highest 
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production. Following macrophytes were recorded from these waterbodies during the 
course of study: 
Nymphaea sp., Equisetum sp., Typha sp. (cattails), Phragmites sp., Juncus sp., 
Sagittaria sp., Salvina auriculata (Water fern), Azolla caroliniana (Water velvet), 
Eichhornia crassipes (Water hyacinth), Lemna minor (Common duck weed), Wolffia 
Columbiana, Trapa bispinosum (Singhara), Pistia sp., Spirodela sp., Hydrilla 
verticillata, Najas sp., Ceratophyllum sp., Elodea canadensis and Utricularia vulgaris 
(common bladderwort). 
Among the insects, Baetis sp, Hebrus sp. (velvet water bug), Hydrometra sp. 
(Marsh treaders or water measurers), Salda sp. (Shore bugs), Notonecta sp. (Back 
swimmers), Ranatra sp. (water scorpions), Corixa sp. (Water boatmen), Cybister sp. 
(Diving beetles), Sternolophus sp. (Water scavenger beetles) and Tendipes sp. 
(Chironomid midges) were found to be common in these ponds. 
The commonly occurring fish species were Channa punctatus, Wallago attu, 
Catla catla, Cirrhina mrigala, Labeo rohita, Colisa fasciatus, Esomus danricus, 
Clarias batrachus. Meteropneustes fossilis, Puntius sophore and Gambusia affinis. All 
these species showed wide variations in their population density as observed by the 
local fishermen and the anglers who used these derelict waterbodies for their earnings 
and recreation purposes respectively. 
In our country, such derelict waterbodies, if managed properly, can support 
fresh water culture, provide livelihood to a large number of fishermen and can 
contribute significantly to the total inland fish production and, consequently, to the 
economy of the country. For fishery management and to obtain high yield from these 
derelict waterbodies, proper management techniques, like weed control, control of 
unwanted fish species including predatory weedy fishes, control of aquatic predatory 
insects, manuring, stocking, supplementary feeding, bio-manipulation, auto-stocking 
and pen and cage culture should be adopted. 
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CHAPTER -I 
INTRODUCTION 
Water is an integral constituent of life and one of the most important natural 
resources. The present domain of life existing on earth has evolved in water (Hosetti. 
2002). It has been the cause of rise and fall of many civilizations, which flourished 
along fresh water bodies and perished when they dried (Dayananda et al., 2002). All 
early civilization such as Babylon, Egypt, Chinese and Indian flourished around 
Euphrates, Nile, Yongtzekiag and Indus-Ganga basin respectively. Water presents a 
wonderful picture, where thousands of living genera, ranging from microscopic to 
macroscopic including chemo-synthetic bacteria, saprophytic fvmgi, micro and macro 
invertebrates, vertebrates, algae and higher aquatic plants live. From biological point 
of view, it is the most abundant part of the living and as such performs important role 
in metabolism. From the ecological point of view, it is chiefly a limiting factor among 
land animals in which the amount is subjected to great fluctuations. Aquatic animals 
also maintain a proper balance of water to live safely in different categories of water. 
About 70% of the earth's surface is covered with water, contributing about 
2.3% to freshwater and rest is salt water (Wetzel, 1983). Most of the freshwaters lie 
frozen as polar ice in polar region (Antarctica and Greenland) and is out of reach to 
humanity (Prakash, 2001). The earth's hydrobiological cycle continuously transform 
saline water from ocean into freshwater on land and back again. Thus the amount of 
water is regularly renewed by precipitation in the form of rain, snowfall or by melt of 
glaciers in the mountains and also supplemented by dew and fog drip in some 
locations. Freshwater is a gift of God, which would continue to be available in 
perpetuity and abundance (Kaul, 1977). The potential water supply is in reality much 
less due to unequal distribution of rainfall as well as man with the demographic 
growth (Wetzel, 1983). Easily accessible, in the form of freshwater, is found in ponds, 
lakes, rivers, reservoirs and in underground shallow aquifers. According to Odum 
(1983), freshwater habitats occupy relatively a small portion of earth's surface but its 
importance is far greater than their actual area. Man has been exploiting this resource 
directly or indirectly since time immemorial for drinking, bathing, washing, 
recreation, agriculture and aquaculture etc. 
Water has been serving receptacle for all kind of wastes since man has 
evolved but the imnact of such uses wa<! not much nrononnced in the nast ToHnv niir 
^ Potential of derelict water bodies: In India, we have total 67,69,363 ha freshwater 
bodies. Out of which 26,00,000 ha are under actual fish farming. The rest are untouched. 
modern fish culture management teehniques (Sugunan, 1995; Srivastava, 2000). 
^^-«^^;maia is rich in vivid types of lentic aqua-systems located in different 
" geographical regions ranging from the hot and dry arid zone of west, cold and wet of 
northern, tropical monsoon of eastern and central India to wet and humid zone of 
southern peninsula (Hosetti, 2002). India had the water spread area of 0.72 million 
hectares, which was reduced to about 0.65 hectares (Saxena, 1986). According to a 
survey conducted by NEERI, it was revealed that more than 80% of available water in 
India is polluted. Water discharge from industries and domestic sewage has polluted 
about 70% of water-spread area of India (Saluja and Jain, 1998). The problem of 
pollution has been increased in last 50 years. Commoner (1976) has put that the 
environment in the past was pure, virgin and unused, but today most of the major 
rivers have become polluted to a great extent by domestic sewage and industrial 
wastes (Ajmal el ai, 1984; Kar et al., 1987; Kulshrestha etal., 1987; Shukla et al., 
1989 and Sinha et al., 1989; Singh et al., 1996). All lakes, except two lakes, namely 
Kodaikanal in south and Mukerti in north-east, are facing the danger of eutrophication 
(An^on, 1988). 
^frff^h^t^^^ '• Under such conditions we can say that shallow and small water bodies such as 
ponds are more vulnerable to changes in water quality through input of nutrients. 
Nutrients enrichment due to excessive loading has increased the productivity rate, 
which result consequently in eutrophication. Eutrophication occurs rapidly under 
conditions when abnormally high amount of nutrients from sewage, fertilizers, animal 
waste and detergents enter the waterbodies causing excessive growth of 
phytoplankton and other aquatic plants (Hosetti and Frost, 1998). Eutrophication 
causes alteration of aquatic environment affecting various organisms including fish 
')e>ri 
food organisms and ultimately the fish directly or indirectly. The impact on fish fauna 
becomes pronounced either in beneficial or adverse ways depending upon the degree 
and quality of pollution. Incidence of mass mortality of fish due to discharge of 
domesfic waste has been reported by Joshi (1988). Sub lethal concentrafion of 
poisonous nutrients such as heavy metals, oils and detergents while not affecting the 
actual survival of fish may affect the growth. The changes in physico-chemical 
conditions of water (D.O., pH, temperature, nutrients etc.) affect its ecology and 
further aquatic food such as fish. On the other hand, sewage disposal leads to 
fertilization of the receiving water body due to addition of phosphate and nitrogen 
enhancing the plankton production and ultimately the aquaculture yield. Due to 
increased industrial growth and anthropogenic activities, freshwaters are becoming 
increasingly scarce. 
We can get the benefit only until such times as our understanding of the 
operation of biosphere, and our knowledge of freshwater ecosystem in particular, is 
adequate to allow us to recognize the point of irreversibility. Today, we need more 
time to learn and to understand the freshwater ecosystems sufficiently to judge their 
resiliency and capacity to change in response to exponential demographic loading. In 
order to have any hope of effectively integrating man as a component of fresh water 
ecosystem and monitoring his utilization of these resources, it is essential that we 
^comprehend.ifi some detail the fundamental properties of freshwaters. 
Beginnfng of knowledge, concerning freshwater life, arose in remote past 
probably long before the time of Aristotle (384-322 B.C.). However, the early 
beginning was often a strange mixture of facts and fancy and has little scientific 
value. As time went on and man's knowledge about surrounding slowly increased, 
certain conspicuous freshwater phenomenon were observed and recorded in a simple 
fashion, often with increasing accuracy. Limnology has been proved helpful in 
understanding the dynamics of standing water since the time of Forel (1841-1912), 
who is regarded as the founder and the father of Limnology (Welch, 1952). The term 
limnology is derived from the Greek word 'Limne', meaning pool, marsh or lake 
(Cole, 1983). The science arose from lake investigations, however. The first definition 
of limnology was given by Forel (1892) as "the oceanography of lakes" and his 
pioneer investigations were focused on Le Leman (Lake Geneva). Then limnology 
was studied with reference to organisms specially plankton (Henson, 1887; Fristch, 
1907). According to International Association of Theoretical and Applied Limnology 
(S.I.L.) in 1922, definition of Limnology is applied to running or lotic as well as 
standing or lentic waterbodies both salt and fresh as long as the body of water is 
contained within the continental boundaries (Goldman and Home, 1983). Limnology 
is now commonly defined as that branch of science, that deals with biological 
productivity of inland waters and with all the causal influences, which determine it 
(Welch, 1952). Biological productivity, as used in this definition, includes its 
qualitative and quantitative features and its actual and potential aspects. Under the 
term inland waters are included all kinds or types of waters running or standing; fresh 
or salt or with other varied physico-chemical composition which are wholly or almost 
completely included within the landmasses. Causal influences involve those various 
factors, like physical, chemical, biological and meteorological etc., which determine 
the character and quantity of biological production. In the past, several terms have 
been used loosely as more or less equivalent to the term limnology viz. hydrobiology, 
freshwater biology, aquatic biology and aquatic ecology etc. Limnology has taken a 
place of distinct field of science in the last few decades of nineteenth century (Welch, 
1952). It was bom on the shores of lake Geneva (Forel, 1892) or according to Deevey 
(1942), it was described earlier, when Henry David Thoreau recorded mid-nineteenth 
century observations from Walden Pond. A. V. Leeuwenhock (1632 -1723) described 
minute organisms for the first time. Junge (1885) and Forbes (1887) were the first to 
treat 'Natural waters as a Microcosm'. In 1887, Hansen proposed the term Plankton. 
The decisive forward step in limnology was taken up by F.A. Forel in Lausanne, who 
investigated Lake Geneva, as mentioned above, not merely from the biological, but 
also from physical and chemical, aspects and formulated the first concept of lake 
types. In 1901, he published 'Handbook of the science of Lakes, General Limnology 
(in German), the first textbook on this subject. Among other things, Forel led the 
formation of Limnological Commission in Switzerland in 1887 (as a part of Swiss 
Natural History Society). Later in 1890, an Intemational Commission on Limnology 
was established. 
From 1880 onward, stimulated by the earlier work of Forel, there commenced 
in Europe and America an upsurge in the study of Limnology. In 1901, Otto Zacharias 
founded the Limnological study station in Plon (Schwoerbel, 1987). After 1910, the 
progress in limnological studies was very rapid. In America, E.A. Birge together with 
C. Juday set up a Limnological station on Lake Mendota in Wisconsin, which rapidly 
developed into a classical Limnological research institute. Both of them contributed a 
lot in the field of Limnology, especially physical Limnology that included studies on 
light penetration, thermal properties and currents in Lakes. Later, P.S. Welch wrote 
the first American textbook on limnology in 1935 that soon became a standard 
textbook (Welch, 1952). In 1940, Franz Ruttner wrote another important book on 
limnology as ' Fundamentals of Limnology' (Ruttner, 1963). Later, G.E. Hutchinson 
at Yale University wrote a comprehensive 'Treatise on Limnology' (1957, 1967, 
1975), which has become a standard reference book throughout the world for both 
students and researchers. Other important publications in the field of limnology are 
those of Reid (1961), Hynes (1963, 1970), Whitton (1975), Golterman (1975), Cole 
(1983), Goldman and Home (1983) Wetzel (1983) and Schwoerbel (1987). The 
Florida Academy of Sciences established in 1936 undertook studies on limnology. 
Discussions on research related to limnology were made in the 53'^ '' Annual meeting 
of the Florida Science Academy in the year 1989 and was published in the form of 
proceedings. From the very beginning attention was paid to the physical, chemical 
and biological characteristics of lakes and ponds and the research objective was the 
determination offish production. 
Several workers have made important contributions in the field of linmology 
keeping in view various aspects (Birge and Juday, 1911, 1929; Atkins, 1923 
Mortimer, 1941; Chandler, 1944; Rodhe, 1948; Welch, 1952; Beeton, 1958 
Edmondson, 1959; Strickland, 1960; Bennett, 1962; Summor, 1963; Barclay, 1966 
Berst and McCrimmon, 1966; Vollenweider, 1969; Anderson, 1971, 1974; Shannon 
and Berzonick, 1972; Thomas and Ractcliffe, 1973; Rottman and Anderson, 1976 
Gulati, 1978; Sladecek, 1979, 1983; Pennak, 1978; McDiffet, 1981; Pejler, 1983 
Halbach, 1984; Comita, 1985; Hofmann, 1987; Dodson, 1992; Conley et ah, 1993 
Dumont, 1994; Auman, 1995, De Smet, 1995, 1996; Lampert, 1997; Dodds et al 
4ft<^ 
1998; Mayer and Galatowitsch, 1999; Conley, 2000; Dodds and Welch, 2000; Kemp 
and Dodds, 2001). 
In India, the study by Prasad (1916) on the seasonal variations of pond 
organisms was perhaps the first limnological study. But the beginning of systematic 
limnological studies in India was made by Ganapati (1956) and his associates 
(Sreenivasan, 1963, 1964, 1968, 1972, 1974, 1976, 1991 and Ganapati and 
Sreenivasan, 1968). Since then, lot of progress has been made towards limnological 
studies in India (Zafar, 1959; Singh, 1960; Khan and Qayyum, 1966a, b; Khan, 1969; 
Khan and Siddiqui, 1971, 1974; Khan etai, 1978, 1986, 1988, 2002; Misra and 
Yadav, 1978; Ali, 1980; Hegde and Bharati, 1985; Rao, 1985; Khan and Khan, 1985; 
Haque etal, 1988; Haque, 1991; Yousuf e/a/., 1986; Bharbhuyan, 1988; Yousuf and 
Shah, 1988; Khatavakar etal, 1989; Sarkar, 1989; Tripathi and Srikandas, 1989; 
Adholia etal, 1990; More and Gajjar, 1990; Vijaykumar and Paul, 1991; Basheer, 
1991; Sreenivasan, 1991; Tamot etal, 1991; Belsare etal, 1992; Subbamma, 1992; 
Pati and Sahu, 1993; Mansoori et al, 1993; Mukherjee et al, 1994; Alam et al, 1995, 
2002; Kumar, 1995, 1997, 2001, 2002; Rao and Mahmood, 1995; Basheer etal, 
1996; Choudhary etal, 1996; Raju and Durani, 1996; Gaur, 1998; Sharma and 
Sharma, 1997; Kaushik and Saksena, 1999; Khan and Sinha, 1999; Singh, 2000; 
Mohanty, 2000; Das etal, 2001; Gaur etal, 2001; Prakash etal, 2001; Sharma. 
2001; Sinha, 2001; Untoo et al, 2001; Hosmani, 2002; Venkateshwarlu and Hosetti, 
2002; Verma and Sharma, 2002; Parveen et al, 2003). 
CtoJc*<'i^J^ ' Aquaculture is becoming more popular and demand exceeds production 
because fish provide good quality of cheap protein with higher content of 
polyunsaturated fatty acid, which prevents cardiovascular diseases (Szumiec and 
Szumiec, 1993). 
The hydrobiological studies in Inland water bodies are now being felt and 
given place in aquaculture because of large-scale exploitation of freshwater biota. The 
organisms of Inland water bodies have aroused immense interest of many 
limnologists. Limnological studies are important in finding principles and general 
relation to water management, rational utilization of water resources and means to 
check pollution. 
Much of the wastelands of India can be utilized by laying reservoirs, ponds 
and lakes, as increase in food production from such water bodies is one of the basic 
points under different plan periods and national policy. As per the present scientific 
policy of Government of India, the need of our country is to utilize many derelict 
water bodies such as ponds, swamps and wetlands, which have been left unutilized or 
under utilized due to lack of proper limnological data for proper management to 
enhance the socio-economic development of the country, by increasing production of 
che^p and protein rich food. This will ultimately result in the increase of per capita 
production and per capita consumption to cope the increasing population and will 
ultimately remove the problem of malnutrition among urban as well as rural 
population. 
For the sound ecological balance and proper management, it is necessary to 
study fimdamental ecosystem dynamics to ensure their proper utilization and 
conservation. The limnological characteristics of water of different regions are of 
immense practical value in fish culture programmes (Pandey etai, 1999). Present 
study is undertaken to assess the limnological status and the use of some derelict 
waterbodies for fish culture. The basic aim of the present study is to produce baseline 
linmological data on such water bodies, which would be helpful in the management 
and conservation strategies for aquaculture practices. The detailed objectives of the 
present study included monitoring of various physico-chemical and biological 
characteristics, sources of pollution and to find out relationships between different 
physical, chemical and biological parameters. 
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CHAPTER -II 
DESCRIPTION OF THE STUDY AREA 
Aligarh is richly supplied with many fresh water bodies that can support 
extensive and regular fisheries of various kinds. The Aligarh district is surrounded by 
two major rivers of India, the Ganga and Yamuna, with their tributaries. The present 
study was carried out on three derelict waterbodies, namely Jawan ponds (Pond I and 
Pond II) and ITI pond (Pond III). 
The selected water bodies are manmade and have come up due to mining 
operation for house and road construction. These derelict water bodies have been used 
as drainage basin into which the surface run-off water and sewage from the 
surrounding catchment area enter. These water bodies are also utilized for dumping 
wastes as well as for bathing and washing. The importance of these derelict water 
habitats is unknown with reference to fish culture. 
Ponds I and II These are sewage fed ponds located in Jawan Town, about 
13 Km away in the North-East of University campus (Fig. 1). The ponds are as old as 
the town itself and are good source of water for the adjoining town. The pond I is 
smaller in area than pond II, which is more variable in area and depth during different 
seasons. The shoreline is irregular in both the ponds, thus making the ponds very 
productive by increasing the opportunity of superimposition of photosynthetic zone 
upon decomposition zone (Welch, 1952). Both the water bodies are located on 
roadside near the town. They occasionally get connected with each other during rainy 
season otherwise remain separated. Both the ponds are used for bathing and drinking 
water by cattle and other livestock. 
Pond III Pond III or so-called ITI pond is located nearly 5 Km away from the 
Zoology Department (Fig. 2). This pond has an area of about 2.5 hectares and depth 
ranged between 0.5-2.1 meters at different places and during different seasons. This 
pond is somewhat oval in shape and is continuously replenished with water due to 
supply from nearby ITI colony and Industrial area. Since this pond is also used by 
washermen, there is heavy input of detergents due to washermen's activity. On the 
sides, it has luxurious growth of Babool (Acacia arabica) and some other trees. These 
trees deprive this water body from early sunlight at certain places during early hours 
of the day. It is used as a drainage basin into which water sweeps from the 
surrounding colony and industrial area. It is also used for bathing and washing 
purposes daily that bring certain physico-chemical and biological changes regularly. 
The bottom of the pond consists of silt, clay, dead plankton and decayed litter. There 
are few macrophytes present in the open water area with luxuriant growth of 
amphibious plants and grasses on the shore area. 
The water of these eutrophic waterbodies is turbid. Some pollution tolerant 
M present, these water bodies are used as drainage bas»™to which surface run off water 
and sewage from the surrounding catchnrent a,.a enter. No flsh culture is betng pract.sed 
at the montent. The conunonl, occurring fishes ,„ these PK,nds are C^o-^^^^-^^^l 
air-breathing cat fshes (like He.eropneus... fossUi. and Conas ,a,racku.,, Eso.u. 
.anrlcus. Pur„ius sop^ore, Ga.,u,a affin, » d CoHsa fascial, etc. Genera.., local 
people use to fish thesefishesusingcastnets and h . d lines, catch dataare not avatlable. 
view of all this, a brief description of the climatology of Aligarh is given here. 
Aligarh, a district of Uttar-Pradesh in Northern India, is located in the central 
Ganga-Yamuna Doab at latitude 27°54'N and longitude 78°4'E. It experiences the 
tropical monsoon type of climate with marked North-East and South-West monsoons. 
The year can be broadly divided into the following five seasons: 
i) Winter season (December to January) 
ii) Post-winter (February to March) 
iii) Summer season (April to June) 
iv) Monsoon season i.e. season of general rains (July to September) 
v) Post-monsoon season (October to November). 
The winter season is marked with considerable fall in temperature. The nights 
of winters are cold (as low as 1.0 °C at midnight) and the days are moderately warm. 
The winds are very light and mostly dry. This season experiences occasional rains. 
The Post-winter season is marked with gradual rise in temperature, bright 
sunshine, absence of cloudy days, a gradual lengthening of the photoperiod and a 
lower relative humidity. 
The Summer season is marked with considerable rise in temperature and long 
photoperiods. In the months of May and June, temperature rises exceptionally high 
with mercury touching sometimes up to 48 °C at noontime. Fast currents of hot and 
dry air usually blovvf in the daytime. The monthly averages of the wind velocity do not 
give the correct idea of the velocity and speed as they are liable to great variations 
during 24 hours. It blows with a force of gale during daytime, falls off very rapidly in 
the evening and nearly calm down during nights. The fast and hot winds are locally 
called as Loo. The occurrence of dust and thunderstorms caused by convection 
currents is a peculiar phenomenon of the summer season.. 
Summer is followed by monsoon season. The rains generally begin in July and 
last till the end of September. This season is characterized by a gradual fall in 
temperature. More numerous cloudy days, steady rains, relatively low light intensity, 
gradual shortening of photoperiod, relatively high humidity and cyclonic weather are 
the features of the monsoon season. 
The monsoon season is followed by period of transition from rainy to dry and 
cool weather. This is the season of retreating monsoon and is termed as 
post-monsoon. This season is characterized by a further fall in diurnal and nocturnal 
temperatures and a gradual decrease in photoperiod and relative humidity. 
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CHAPTER -III 
LIGHT CONDITIONS 
Light is energy that is capable of doing work and of being transformed from 
one form to another. It can neither be created nor destroyed. Radiant energy is 
transformed into potential energy by biochemical reaction, such as photosynthesis, or 
to heat (Wetzel, 1983). Light is one of the most important environmental factors 
affecting the growth rate of algae. In general, two major sources of light, natural 
sunlight and artificial light (fluorescent and incandescent lamp), are utilized for the 
growth of micro-algae (Laing, 1991). Probably, all the events within a water body are 
directly or indirectly determined by radiation, the water body receives. When the solar 
radiations reach the earth's surface, water vapours, carbon dioxide, oxygen and ozone 
in the atmosphere absorb most of the light. The final limited energy, which arrives at 
the aquatic surface, thus becomes the only source of radiation available for 
photosynthesis (Boney, 1989). Intensity of light also plays an important role in the 
growth of micro-algae (Boney, 1989) and other algae and plants. Biotic properties of 
water like production of organisms and their concentration in water also influence the 
absorption of light energy. Light absorption by suspended particles is an important 
characteristic of aquatic ecosystems because it greatly determines their optical 
properties and because it reflects the nature of these particles (Kirk, 1983). Light 
absorption by phytoplankton is an important component of planktonic primary 
production (Marra etal., 1993). While the light absorbed by non-pytoplanktonic 
organisms has been postulated to be related to their biomass and metabolic activity 
(Agusti, 1994). Natural waters also exhibit great differences in the degree to which 
light can illuminate them wherein wide seasonal and diurnal fluctuations are noted 
(Hutchinson, 1975). During the daytime the chloroplast (a, b and c) of phytoplankton 
utilize undenA'ater light to compose carbon in the form of carbohydrates and produces 
oxygen that is used for respiration and growth of algae and micro-algae (Ojha and 
Howard, 2000). Transparency of water allows light penetration, which has far 
reaching effects on all aquatic organisms including their development, distribution 
and behavior etc. (Wetzel, 1983). The transparency of a water body depends upon the 
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turbidity (Chandler, 1944; Hutchinson, 1975; Ayyappan and Gupta, 1981 and Haque, 
1991), which is caused by dissolved substances and suspended matters, both living 
and nonliving. 
Light availability at depth is affected directly by the presence of TSS and 
plankton in the water column and by macrophytes and sediment accumulation on the 
surface (Carter and Rybicki; 1985). Light availability is also closely related to 
weather variability, such as available sunshine and wind which causes resuspension in 
shallow areas. The amount of light energy absorbed by water is influenced by an 
array of physico-chemical properties, such as intensity of light at surface, angle of 
contact at surface, differences in latitude, molecular structure of water itself, particles 
suspended in water and dissolved inorganic and organic compounds (Wetzel and 
Likens, 1979). 
Almost all energy that control the metabolism of water bodies is derived 
directly from the solar energy and utilized in photosynthesis either within the lake or 
brought to the water bodies in various forms of organic matter. The utilization of this 
energy by any water body and the factors that influence the efficiency of lentic 
environment to convert this solar energy into potential chemical energy is basic to the 
productivity of that aquatic environment. 
Welch (1952), Hutchinson (1957) and Ruttner (1963) have given detailed 
accounts of the principle of light penetration in water, its measurement and its effect 
on the ecosystem. 
Other interesting and useful accounts on light conditions in fresh waterbodies 
are those of Birge and Juday (1929), Atkins, (1932,) Chandler (1944), Jerlov (1951), 
Beeton (1958), Strickland (1958), Stephens and Strickland (1962), Tailing (1965), 
Tandon and Singh (1972), Khan etal. (1978), Lorenzen (1980), Schanz (1982), Cole 
(1983), Wetzel (1983), Kirk (1983), Baricaud and Stramski (1990), Morel and Ahn 
(1990, 1991), MsLnaetal. (1993) and Agusti( 1994). 
According to Hutchinson (1975) transparency, the depth up to which light 
penetrates in water body can be used as a reliable indicator of productivity. 
Transparency acts as an index of water quality and plays a key role in reflecting the 
pond productivity (Mohanty, 1999). The information pertaining to transparenc}- of 
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water in an aquatic ecosystem gains considerable significance. The Secchi disc 
transparency is essentially a function of reflection of light from its surface, and is, 
therefore, influenced by the absorption characteristic of both water and its dissolved 
and particulate matter (Stepanek, 1959; Elster and Stepanek, 1967; Szczepanski, 
1968). The Secchi disc transparency correlates closely with percent transmission 
(Wetzel, 1983). Turbidity is the measurement of the extent to which light is either 
absorbed or scattered by suspended materials in the water. Turbidity of water is 
caused by the substances, which are not present in true solution. Turbidity from 
suspended sediments is a common feature of many lakes and reservoirs (Miner and 
Stein, 1993). Turbidity makes the water unfit for domestic purposes, food and 
beverage industries, proper growth of organism and many other things (Ajmal and 
Razi-uddin, 1988). High level of turbidity affects aquatic life indirectly (Verma et al., 
1978). Increased turbidity or color in water resulting from water quality changes 
causes both reduced light penetration and thus reduction in euphotic zone and 
photosynthetic activity (Bellinger, 1979, Venkateshwarlu and Hosetti, 2002). 
Turbidity can alter prey background contrast (Hinshaw, 1985), as well as affect the 
vertical distribution offish larvae (Swenson and Maston, 1976; Mathews, 1984) and 
zooplankton (Zutter and Carter, 1986). Increased turbidity in lakes and rivers may 
influence lar/al fish feeding rates primarily though increase light attenuation which 
may result in sub optimal light condition for foraging (Miner and Stein, 1993). 
METHODOLOGY 
Transparency, the limit up to which light can penetrate in a water body, was 
determined by using standard Secchi disc method. Secchi disc, having diameter of 
30 cm and divided into black and white quadrants at surface, is lowered into the water 
body. The average of the two depth readings at which Secchi disc disappeared and 
reappeared, v/as noted as transparency. 
Turbidity, a measurement of the extent to which light is either absorbed or 
scattered by suspended matters in the water, was directly determined by Spectronic-20 
spectrophotometer (Bausch and Lomb) at a wavelength of 660 nm in terms of percent 
transmission. 
!3 
RESULTS AND DISCUSSION 
Transparency and Turbidity values are given in Table 1 and Fig. 7. Wide 
seasonal fluctuations in transparency values are noted in these derelict waterbodies. In 
pond I, Secchi disc transparency measurements ranged from 18.0 to 38.5cm, showing 
minimum in monsoon months (August, 2000), maximum (38.5cm) in February, 2000, 
November, 2000 and March, 2001. The readings in pond II fluctuated between 16.0 
to 38.5 cm and follow the similar trend with minimum value (16.5cm) during August, 
2000 and maximum in November, 2000. Minimum transparency value in the pond III 
was recorded during June, 2000 (9.0cm), and maximum during January, 2001 
(35.00 cm). 
The low transparency during rainy season was due to entry of huge amount of 
suspended and colloidal matter, silt and clay into the water body along with the 
rainwater from the surrounding fields. During summer, it is mainly due to evaporation 
of water, which causes concentration of dissolved solids at increasing temperature 
and production of plankton. Kaushik and Saksena (1999), Chatirasia and Adoni 
(1985), Kaushik et al. (1989, 1991) and Kant and Raina (1990) have also reported 
similar observations with regards to transparency of water in different water bodies in 
the country. At low water level during summer months transparency was also found 
affected due to disturbances caused by the entry of herds of catties mainly for the 
purpose of bathing and cooling. Kumar et al. (1996) have observed domestic sewage 
as the main factor responsible for low transparency. Statistically, a strong negative 
correlation was found between transparency and TS (pond I: r = -0.800; 
pond fl: r --0.890; pond III: r = -0.659) and transparency and TSS (Table 10; 
Fig. 34). 
Comparing the transparency of all the three ponds, it was found that pond 1 
and II showed narrow fluctuations and were more transparent than pond III. However, 
all these ponds, like other drainage basins, are usually low in transparency 
(Hutchinson, 1975). This appears to be due to high turbidity affected by inflow of 
wastewater along with sewage effluent throughout the year and due to diverse 
population during winter and summer months. Sreenivasan (1968) has also 
emphasized that water with low transparency are not suitable for fish culture as they 
contain little organic matter, minerals and nutrients. In natural waters, acidification 
results in increased transparency (Schofield, 1972; Aimer el ah, 1974; Schindler, 
1980). To verify this statement several workers have noted a strong inverse 
relationship between pH and secchi disc transparency (Homstrom et al., 1973 and 
Datta etal., 1985). In the present study, a significant negative correlation was 
obtained in pond III only (r = -0.653), but in other ponds (I and II) an insignificant 
correlation was obtained between pH and Secchi disk transparency, which might be 
due to large amount of organic matter present in water (Table 10, Fig. 11). Sharma 
(2001) found direct correlation between transparency and pH, DO, alkalinity, 
hardness, phosphate and silicate in Cherra pond at Meghalaya, India. On the contrary, 
he also reported inverse relationships of transparency with pH, Alkalinity, Hardness, 
Calcium and Magnesium in other ponds of his study. 
The meastirement of turbidity is taken as percent transmission and is given in 
Table 1. In ])ond I, maximum turbidity (50.0 %T) was observed in August, 2000 and 
minimum (72.0 %T) in winter in the month November, 2000, while pond II showed 
maximum (49.0 %T) in August, 2000 and minimum (84.0 %T) in November, 2000. 
Pond III showed maximum turbidity (14.0 %T) during May, 2001 and minimum 
value (86.0 %T) in January, 2001. 
According to Kaushik and Saksena (1999), high turbidity during rainy season 
is inevitable. Verma and Dalela (1975) found increased turbidity of water bodies after 
receiving wastes with large amount of suspended matter. Zafar (1966) has shown that 
water temperature and turbidity have a positive correlation. It is because of the fact 
that particles in water absorb heat and radiate it in surrounding waters. In the present 
study, a negative correlation was found between water temperature and turbidit\-
(pond I: r = -0.568; pond II: r = -0.391 and pond III: r = -0.633) because turbidity was 
taken in % transmission (Table 10; Fig 12). The turbidity of these derelict water 
bodies also depends upon the amount of sewage and effluents coming from the 
surrounding human settlements. In pond III, the soap and detergents are added b> 
washermen regularly, which produce stable colloids resulting in the increase of 
turbidity. Similar conclusions were made by Muley and Gaikad (1999) who have 
found maximum turbidity in month of July whereas minimum in the post-monsoon 
months after all the suspended inorganic matters settled down in the bottom. 
As stated earlier, higher values of turbidity at low water level during summer 
months, were found to be due to disturbances caused by the entry of herds of catties, 
almost daily at regular intervals for bathing purposes. Statistically, inverse 
relationship (since turbidity was taken in % transmission) was found between 
turbidity and TSS (pond I: r = -0.700; pond II: r = -0.659 and pond III: r = -0.474) and 
significant positive correlation (pond I: r = 0.894; pond II: r = 0.876; pond III: 
r = 0.923) between transparency and turbidity (%T) was found (Table 10; Figs. 13, 
14) showing that transparency of any water body is dependent upon turbidity, which 
in turn caused by TSS. Positive correlation is obtained since the turbidity was taken in 
% transmission, otherwise the relationship is inverse as already has been reported by 
Khan (1969) and other limnologists (Kaushik and Saksena, 1999; Muley and Gaikad, 
1999). The positive relationship between these two variables was also observed by 
Haque (1991) £ind Gaur (1998). 
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CHapter IV 
(DISSOLV^CD SOLICDS 
CHAPTER -IV 
DISSOLVED SOLIDS 
In all water bodies total solids (TS) represent both total suspended solids 
(TSS) and total dissolved solids (TDS). TSS includes particles of different sizes 
ranging from coarse to fine colloidal particles, various inorganic and organic 
complexes and plankton (Shastree et al., 1991, Kaushik and Saksena, 1999). 
Increased nutrient loading enhances production of plankton, which may also cause an 
increase in TSS as well. Various kinds of minerals, nutrients and certain inorganic 
substances present in water constitute TDS (Trivedy and Goel, 1984). Therefore, 
concentration of TDS is regarded as an important parameter in drinking water as well 
as other water quality standards (Trivedy and Goel, 1984). TDS are also utilized by 
organisms (Welch, 1952; Vaccaro, 1965; Goldman, 1965; Hutchinson, 1975; 
Goldman and Home, 1983; Haque, 1991) and thus make a useful parameter in 
determining productivity of ponds and lakes (Reid, 1961; Hutchinson, 1975; Wetzel, 
1975 and Basheer, 1991). According to Vollenweider (1969), TDS probably bear 
same relationship to nutrient loading as standing crop of fishes bears to actual fish 
production. Kemp (1971) has stated in the classification of waters regarding their 
productivity that the amount of TDS present in a waterbody is of greater importance 
than their chemical composition. High concentration of TDS (near 3000 mg/L) may 
also produce distress in livestock and cattle (Trivedy and Goel, 1984). For drinking 
purpose, water with high solid content is of inferior palatability and may induce an 
unfavourable physiological reaction in transient consumer (Jameel, 2002). However, 
in the case of drinking water, the individual concentration of different substances is 
more important rather than total dissolved solids (Trivedy and Goel, 1984). They 
have also reported that excess amount of TDS in water tend to disturb the ecological 
balance due to suffocation in aquatic fauna even in the presence of fair amount of 
DO. High TS value reduces light penetration and affect the water quality indirectly 
and thus imbalance the aquatic life (Kaushik and Saksena, 1999). Various workers 
have reported range of total TSS as 91-2080 mg/L in various water bodies like 
reservoirs, tanks and ponds (Ganapati, 1956; Verma and Shukla, 1968; 
Singhal etal, 1986; Mohan, 1987; Kaushik and Saksena, 1989, 1999; Kadam, 1990; 
Kaushik etal., 1991; Shastree etal, 1991). TDS in Indian waterbodies vary greatly 
and goes upto 2416.0 mg/L (Kaushik and Saksena, 1999). Other important works in 
this context are those of Ganapati (1956), Zafar (1964), Verma and Shukla (1968), 
Seenayya (1971), Mohan (1987a), Kaushik et al. (1989, 1991a) and Kadam (1990). 
METHODOLOGY 
For analysis, 100 ml water sample was taken. The residue left after the 
evaporation of 100ml sample of unfiltered water was taken as the amount of total 
solids (TS) present in it. The residue left after the evaporation of 100 ml sample from 
filtered water was taken as the amoxmt of the total dissolved solids (TDS) present in it. 
The difference between these two values was taken as the amount of total suspended 
solids (TSS) present in it (TSS = TS - TDS). The results were expressed in mg/L. 
RESULTS AND DISCUSSION 
In the present study, TS ranged from 960- 4000 mg/L (Table 2; Fig. 7) in all 
the three water bodies. The minimum value was recorded during November, 2000 in 
ponds I and II, while pond III showed minimum (1700 mg/L) during October, 2000. 
Ponds I and II showed maximum TS values during monsoon months (August, 2000), 
whereas highest value of TS in pond III was recorded in summer (June, 2000). High 
concentration of TS during monsoon months (Table 2) both in pond I and pond II was 
contributed mainly by higher TSS (1200 mg/L), whereas in pond III higher values of 
TS during summer and other month were found to be due to higher TDS and TSS 
both (Table 2). Minimum concentrations of TSS in pond I (350 mg/L) and in pond II 
(339 mg/L) we;re recorded during November and April, 2000 respectively while in 
pond III, it showed minimum value (80 mg/L) during August, 2000 (Table 2; Fig. 7). 
Minimum values of TDS (530 mg/L, 225 mg/L and 1500 mg/L in ponds I, II and II 
respectively) were recorded during March, November and October 2000 
respectivelly. 
The fluctuations in TS are associated with evaporation, sedimentation and 
dilution during different seasons. Their concentration mainly depend on the input 
through surface run-off during monsoon months, release from the autogenic and 
biogenic sources, sediment release of nutrients and evaporation at high temperature 
during summer. Higher values of TSS and TDS during monsoon months are due to 
turbulence of water which help in the entry of eroded particles from the shoreline, 
waste discharge through drains and surface run-off during rains (Haque, 1991; 
Kaushik and Saksena, 1999). During summer, increase in the values of TSS, was 
mainly due to disturbances caused by catties as stated earlier. 
Higher values of TSS during summer, especially in pond III, may also be 
attributed to lower water level caused by evaporation and abundance of plankton 
organisms which also contribute to TSS. A fair decline during winter in all the water 
bodies might be due to sedimentation and slow rate of remineralization and 
decomposition. Similar results were obtained by Kaushik and Saksena (1999) in 
certain water bodies of Gwalior city (Motijheel, Surajkund and Ranital). 
TDS showed variations mainly caused by the addition of dissolved substance, 
and their utilization by organisms and other aquatic plants and animals during 
different months. Higher values of TDS during April and June, 2000 in these water 
bodies might be due to higher decomposition rate, release of nutrients from the 
sediments and excessive evaporation at high temperature causing concentration of 
dissolved matters. The decrease in the concentration of TDS was due to loss of 
nutrient into sediments and their utilization by plankton and other aquatic plants. In 
the present study, the amount of TDS also depends upon the amount of input from 
catchment area and other activities within the waterbodies. Shastree et al., (1991) 
recorded ma?i;ima during summer and minima during winter for TSS and TDS. They 
attributed it to water loss due to evaporation resulting in the increase of their 
concentration. They have also reported relationship with the type and source of 
aquatic pollution. 
Water bodies with high TDS have been reported to be productive than those 
with low values (Welch, 1952; Northcote and Larkin, 1956). They have correlated the 
TS content of British Colfumbia lakes with quantities of plankton fauna, bottom fauna 
and fish, and found very significant correlation. Whereas, Verma and Dalela (1975) 
stated that dissolved solids present in quandties above 350.0 mg/L may adversely 
19 
(A/ 
s^ ffect the aquatic life even sometime become lethal depending upon the quality and 
quantity of these substances. Statistically, phytoplankton and TDS showed a 
significant and positive correlation (r = 0.505) in pond I, but negative correlation in 
ponds II and III (Table 10; Fig. 15). 
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CHAPTER -V 
TEMPERATURE 
Solar radiation is the main source of heat in aquatic ecosystem and the energy 
that distributes heat in the environment is derived from wind (Birge, 1916). From the 
ecological point of view the thermal properties of water and corresponding 
relationships are the most important factors in maintaining fitness of the water of an 
ecosystem. Temperature is one of the most important factors in aquatic environment 
since it regulates various physico-chemical as well as biological activities (Kumar 
et al., 1996). Changes in temperature govern water mixing, turbulence, formation of 
currents (Birge, 1916; Chandler, 1944; Hutchinson, 1957; Reid, 1961 and Ruttner, 
1963) and biological processes like the growth, development, reproduction and other 
life processes of the biota (Wetzel, 1983). Fluctuation in temperature of an aquatic 
medium regulates the biological composition of that ecosystem (Banerjee et al., 
1989). 
It may be mentioned that no other single factor has so much profound and 
direct or indirect influence on physico-chemical, biological and physiological 
behavior of aquatic ecosystem than that of temperature. It also reflects on the 
dynamics of living organisms (Chandler, 1944). The level of distribution of gases and 
nutrient cycles along with the other biogenic processes get affected by the change in 
temperature of environment (Welch, 1952). All the water bodies frequently undergo 
dial cycles of thermal and chemical vertical stratification and destratification, under 
hot and quiescent weather conditions (Catheart and Wheaton, 1987; Losordo and 
Piednahita, 1991). 
Besides solar radiation, the temperature of natural water system responds to 
many factors. It depends upon water depth, climate and topography, the ambient 
atmospheric temperature being the most universal. The seasonal cycle of temperature 
is superimposed by the air masses over the landmass, climatic conditions (Welch. 
1952; Hutchinson, 1957; and Kant and Raina, 1990), time of collection, photoperiods 
and topography of water (Ganapati, 1956). Solar radiations (Munawar, 1970) have an 
impact on the ambient temperature. Change in water temperature closely follows the 
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air temperature and always remains below than air temperature except sometimes 
during winter. A great work has been done on the thermal properties of freshwater 
ecosystems. Some important contributions from India and abroad are those of 
Ganapati (1956, 1960), Shastry and Maryland (1960), Singh (1960), Reid (1961), 
McLaren (1963), Gorham (1964), Johnson (1965), Phinney and Intire (1965), 
Zafar(1966), Hutchinson (1967), Munawar and Zafar (1967), Anderson (1968), 
Ramamirthan (1968), Schindler (1971), Epply (1972), Larson (1972), Rangarajan and 
Marichany (1972), Gachter et al. (1974), Vasisht and Sharma (1975), Bohra et al. 
(1978), Singh and Swarup (1979), Ayyappan and Gupta (1981), Chaurasia and Adoni 
(1985), Ramanibai and Ravichandran (1987), Bomber et al. (1988), Ambasht and 
Shardendu (1989), Ghosh and George (1989), Kaushik etal. (1989), Fasihuddin and 
Kumari (1990), Kant and Raina (1990), Vijaykumar (1992, 1996) and Zhou etal. 
(2000). 
METHODOLOGY 
Air and water Temperatures were recorded with the help of mercury 
thermometer graduated up to 100 °C. 
RESULTS AND DISCUSSION 
The temperature changes in all the ponds, under study, are given in Table 1. 
These changes are due to addition or loss of heat in the water body (Wetzel, 1983). 
The water temperature in these shallow basins closely related to ambient air 
temperature, which is obviously dependent upon the meteorology of the region, 
particularly solar radiation, photoperiods and cloud covers etc. In the present study, 
these water bodies, being smaller in size and shallow in depth, get quickly changed 
with ambient conditions and thus showed wide fluctuations. It has been reported by 
Anderson (1964) that surface area and volume of the water body are the two 
extremely important parameters to assess fluctuations in water temperature. 
Maximum, 4.0 °C, difference was recorded between air and water temperatures. It can 
be said that it is not varied to a greater extent from the general consideration i.e. 2 °C 
difference between air and water temperatures (Hodgets, 1992). Contrary to this, a 
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large number of researchers, such as Munawar (1970), Ambasht (1971), Shardendu 
and Ambasht (1988), have observed wide variations (8.0 to 10°C) between these two 
variables. 
The air temperature over these ponds varied between 15.0 °C to 39.0 °C with 
minimum during February and maximum during June, 2000. The minimum, 1.0 °C 
difference, between air and water temperatures was recorded at ponds I and III during 
January, February, 2001 and March, 2000 respectively, and 0.5 during February, 2001 
at pond II, while maximum difference, 4.0 °C, was recorded at all the ponds during 
Jvme and August, 2000 (Table 1). 
Water temperature varied fromH.O "C to 35.0 °C in pond I, 14.5 °C to 36.0 °C 
in pond II and 15.0 °C to 36.0 °C in pond III. The minimum water temperature was 
recorded in all the ponds during February, 2001, while maximum water temperature 
was recorded in pond I during June, 2000 and in ponds II and III during July, 2000 
(Table 1). 
The r£inge in temperature for all the three water bodies, under study, fairly 
agrees with the range provided for water temperature from most of the water bodies in 
Indian subcontinent (Qadri and Yousuf, 1980; Singhal etal., 1986; Ramanibai and 
Ravichandran 1987; Valecha and Bhatnagar, 1988; Ghosh and George, 1989 and Kant 
and Raina, 1990). According to Venkateshwarlu (1983), these water bodies fall under 
the category ''mesothermar. 
The pattern of seasonal fluctuations in air and water temperature largely 
agrees with the changes in solar radiation and photoperiods during different seasons. 
In the present study, it was found that surface water temperature of all the three water 
bodies follow the changes in air temperature. Cold, dry and hot wind waves bring 
variations in air temperature during different seasons (Moss, 1969). Generally, the 
winter is usually cold, summer is quite hot and the months of March, April, October 
and November are found to be moderate. 
The statistical analysis showed a very significant positive correlation between 
surface water temperature and air temperature (pond 1, r = 0.991; pond II, r = 0.992; 
pond III, r = 0.964) (Table 10; Fig. 33). Haque (1991) and several others have found 
similar correlation between these two variables. Temperature plays a crucial role in 
physico-chemical, biological and physiological properties of aquatic ecosystem. 
Correlation analysis of water temperatxire was also made with some of the abiotic and 
biotic factors and is given in Table 10. 
It is difficult to pin point the effect of temperature on plankton as a whole due 
to the differences in the responses of various groups and species to different 
temperature regimes. 
Thermal stratification was found to be totally absent and homogeneity of 
temperature at different levels appeared in all these ponds throughout the study. Berst 
and McCrimon (1966) have also reported absence of thermal stratification in such 
shallow water bodies. It was mainly due to shallowness of the water bodies as well as 
frequent mixing of water due to turbulence caused by washermen's activity, cattle 
bath and v/ind activity. Such activities also provide better aeration at depths and 
replenish upper water layers with nutrient resulting in increased productivity of these 
derelict shallow water bodies. Similar observations have been made by Reid (1961) 
and many other limnologists. Moreover, in shallow water bodies, fluctuations in 
temperature result in the formation of convection currents, which lead to complete 
turnover (FLuttner, 1963). The complete mixing of water is also regulated by the 
thermal changes along with the wind action, which agitate the water and the heat is 
transported very quickly to various depths in these shallow water bodies. Such mixing 
of water is not possible in deeper central basins of the water body while complete 
mixing occurs in the shallow marginal areas of the water body (Anderson, 1968). 
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CHAPTER -VI 
DISSOLVED OXYGEN 
All natural water bodies contain variety of dissolved gases. Oxygen is 
essential to carryout various metabolic activities of almost all organisms including 
higher life (plants and animals) on this planet. It directly affects the survival and 
distribution of flora and fauna in an ecosystem (Vijaykumar et al., 1999). Despite the 
fact that all of. us are taking oxygen into our bodies and converting it into carbon 
dioxide (CO2) in the process of respiration to extract energy from food, the amount of 
oxygen in atmosphere remains remarkably stable at about 20.95% of the air (Wetzel, 
1983). Plants play a significant role to return this oxygen back into the atmosphere. 
Plants trap soliir energy (sunlight) to produce organic molecules from carbon dioxide 
and water and oxygen is released as a by-product during the process of 
photosynthesis. 
Oxygen gets into water by diffusion from the stirrounding air, by aeration or 
agitation of water and it is also produced as a by-product of photosynthesis within the 
water body itself. Though diffusion of gases into the water is a very slow process, the 
amount of oxyi^ en dissolved in water equilibrated with air, at a given temperature and 
pressure, is greater than nitrogen (Wetzel, 1983) because oxygen is more soluble in 
water than nitrogen. The solubility of oxygen in freshwater is not fixed but it depends 
upon the oxygen pressure in the air, water temperature and dissolved salts present 
(Weiss, 1970; Mortimer, 1981). Solubility of O2 is always greater in freshwaters than 
in salt waters and greater in cold waters than in warm waters. The solubility of O2 in 
freshwater ranges from 14.621 mg/L at 0 °C to 6.49 mg/L at 35 °C at the same 
atmospheric pressure (Mortimer, 1981; Wetzel, 1983). Dissolved oxygen (D.O.) of a 
water body is reduced by organismal respiration, decomposition of organic matter and 
automatic release from surface due to increase in summer temperature (Welch, 1952). 
As a general rule, the more oxygen dissolved in water is an indication of better health 
and a constantly high content allows a water body to support more numbers and 
variety of aquatic organisms. Survival under low D.O. content is a specialization of a 
limited number of species like certain air breathing fishes. Tarzwell (1957) has 
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suggested that a minimum of 3.0 mg/L D.O. is necessary for healthy fish Hfe. George 
(1961) has mentioned that the concentration of 1.4 mg/L oxygen is sufficient to 
maintain life in water. Dissolved oxygen concentration of > 5.0 mg/L favors good 
growth of fauna and flora (Das et al., 1995). 
Dissolved oxygen, of any aquatic body forms important parameter in the 
assessment of water quality, which influences the life of aquatic organisms as well. 
Yuyao et al. (1995) discussed the possibility of measurement of community 
metabolism in a model pond ecosystem by using diurnal change of oxygen. Dissolved 
oxygen of a water body is subjected to various physical, chemical and biological 
controls, and Jit any time oxygen concentration reflects a balance between various 
sources and sinks for this gas in the aquatic ecosystem (Walling and Web, 1996). 
A vast literature exists on the oxygen regime of aquatic ecosystem both from 
tropical and temperate waters. Important works are of Reid (1961), Ruttner (1963), 
Sreenivasan (1964), Edward and Rolley (1965), Hussainy (1967), Hutchinson (1967, 
1975), Ramamirthan (1968), Michael (1969), Khan and Siddiqui (1971), Tandon and 
Singh (1972), Mathew (1975), Mishra and Yadav (1978), Ayyappan and Gupta 
(1981), Unni, (1982), Cole (1983), Goldman and Home (1983), Wetzel (1983), Bhatt 
and Negi (1985), Bemice et al. (1987), Yousuf and Shah (1988), Kaushik et al. (1989, 
1991a, b), Prasad (1990), Shukla and Bais (1990), Saksena and Mishra (1991), Dutta 
etal. (1993), Anjana and Kanhere (1995), Narendra and Mahmood (1995), Paul and 
Verma (1999) and Vijaykumar et al. (1999). 
METHODOLOGY 
Collection of water samples for the study of dissolved oxygen was done from 
the surface for a period of 16 months. Dissolved oxygen was analyzed by Winkler's 
modified technique (APHA, 1992) at the site. 
RESULTS AND DISCUSSION 
Monthly variations in dissolved oxygen content of three ponds are given in 
(Table 1; Fig. 3). Dissolved oxygen varied from 2.2-8.4 mg/L in the samples collected 
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from the three ponds. Pond I showed minimum (4.0 mg) concentration in March, 
2001 and maximum (8.4 mg/L) in January, 2001, while pond II showed minimum 
concentration (2.6 mg/L) in November, 2000 and maximum (7.2 mg/L) during 
January, 2001. In pond III, minimum concentration (2.2 mg/L) was recorded during 
February, 2001, and maximum (6.4 mg/L) during April, 2000. Wide variations 
(2.2-13.5 mg/L) in D.O. content have been reported from Indian freshwaters (Haque, 
1991; Sinha etal, 1992; Bose and Gorai, 1993; Pathak and Shastree, 1993; Pati and 
Sahu, 1993; Dash etal, 1993; Patralekh, 1994; Kumar, 1995; Sinha, 2001). 
The fluctuations in D.O. content may be attributed to the fact that the 
concentration jind solubility of this gas in a water body is not affected by a single 
factor but by a number of factors such as solubility of oxygen in water, intensity of 
light, diffiision and absorption from the atmosphere, presence and abundance of green 
aquatic organisms, photosynthesis and loss due to chemical and biological oxidation 
(Wetzel, 1983). Higher values of D.O. might be attributed to intense photosynthetic 
activity of phyl:oplankton and other green aquatic plants present in these water bodies 
and also due to more oxygen holding capacity of water at low temperature during 
winter. Higher values of dissolved oxygen in colder months have been reported by 
several workers (Kaushik etal, 1989; Prasad, 1990; Kaushik and Saksena, 1999). 
Contrary to this, in the present study, pond III showed higher concentration during 
summer (April-June, 2000 and May, 2001) and low during winter (February, 2000; 
January and February, 2001). The higher values of oxygen observed during summer 
in the present investigation substantiate the views of Ayyappan and Gupta (1981), 
Bhatt and Negi (1985) and Vijaykumar et al. (1999). They attributed it to increased 
solar radiation and a considerable good standing crop of phytoplankton. In the present 
study too, the maximum and minimum values of D.O. content were found to be due to 
increase and decrease in phytoplankton and other green aquatic plant population 
during respective months. Statistically D.O. content showed a positive and significant 
correlation with phytoplankton and zooplankton at all the ponds except pond III 
(Table 10; Figs. 16, 35). The positive and significant correlation between D.O. and 
phytoplankton was also observed by Schindler (1971), Lande (1973), Saad (1973), 
Haque (1991) and Gaur (1998) who gave similar reasons for this relationship. In pond 
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Ill, it was observed that macrophytes might be contributing greater part of oxygen 
during this period and, therefore, an insignificant relationship existed between the two 
variables (Table 10). Regarding relationship of D.O. with temperature, in the present 
study, an insignificant relationship was observed (Table 10). Absence of significant 
inverse correlation between these two parameters might be due to active 
photosynthesis. Jindal and Kumar (1993) also did not find inverse relationship 
between these two variables due to similar reasons. They reported the abundance of 
phytoplanktoin during the period of high temperature resulting in the liberation of 
D.O. during increased photosynthetic activity. These results also coincide with the 
findings of Gonzalves and Joshi (1946), Sreenivasan (1972), Jindal and Vashisht 
(1985) and Singhal et al. (1986). Higher values during monsoon months (ponds I and 
III) were found to be mainly due to agitation of water caused by falling rainwater over 
the surface of the water bodies. 
Comparatively low D.O. during some months in pond III might be due to 
input of detergents by washermen's activity. Non-biodegradable detergents cause 
foaming (Alphonse and Peterraj, 1987) and thus aeration is not possible and hence 
water body exhibits strong reducing property. Similar conclusion was also drawn by 
Alam etal. (1995). However abundance of phytoplankton and macrophytes 
sometimes causes decrease in D.O. content (Odum, 1957). Other factors causing 
deple|tion in D.O. content during different months include low photosynthetic rate 
(Yousuf and Shah, 1988), inflowing drainage water carrying varying amoimt of 
pollutants during different months (Trivedy, 1988), respiration of micro- and macro-
organisms. (Kaushik and Saksena, 1999) and entry of surface run-off and 
subterranean water containing high organic content with little or no D.O. during rainy 
season (Welch, 1952). 
Oxygen consuming activity especially during decomposition of organic matter 
in unmanaged ponds, like pond III, is therefore responsible for oxygen depletion 
during certain months. These results are in agreement with the observations made bv 
A i r - A ^ / i j ^ j , 
Dasgupta (1993). Under such conditions, only air breathing fishes and other/living <r 
organisms can survive/i«.<s/. ao aw^hAA.li.(UA^^^u^\k(»/3. 
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CHAPTER -VII 
CARBON DIOXIDE, pH, ALKALINITY AND HARDNESS 
Most of the carbon in freshwater system occurs as equiHbrium product of 
carbonic acid. Inorganic carbon constitutes a major nutrient of photosynthetic 
metabolism by algae and submerged macrophytes. The complex equilibrium reactions 
of inorganic carbon and the distribution of total carbon dioxide (free CO2, CO3" and 
HCO3") are Avell understood. In most inland waters, CO2 is predominant and is utilized 
by photosynthesizing cells either directly or indirectly (Tailing, 1985). Bicarbonate 
ions, which are soluble and known as half bound CO2 or aggressive CO2 
(Welch, 1952), provide CO2 for the process of photosynthesis. Algae and submerged 
aquatic macrophytes require abundant and readily available source of carbon for high 
sustained growth (Wetzel, 1983). Many algae and aquatic plants are capable of 
utilizing carbon dioxide from bicarbonate ions when free CO2 either absent or in very 
low supply (Wetzel, 1983). 
Atmospheric carbon dioxide enters into the natural waters through diffusion 
(Broecker, 1973) and invasion (Schindler and Fee, 1973). In addition, carbon dioxide 
is also generated by biotic components within the lake through decomposition of 
organic matter and respiration etc. The rain also absorbs some small amount of the 
gas and delivers it to the water on which it falls. Unni (1972) emphasized that the rate 
of change in free carbon dioxide concentration is considerable due to decomposition 
of organic matter at the bottom. Thus, presence and absence of free CO2 in the surface 
waters is mostly governed by its utilization by algae during photosynthesis and 
through respiration, decomposition and diffusion from air (Sreenivasan, 1974). The 
CO2 of pond water has been found to be highly variable due to various interdependent 
factors, both spatially and temporally as well as in both temperate and tropical 
ecosystems (Boyd, 1982). Higher concentrations of CO2 have been reported in 
tropical ponds during decomposition of dead plankton and during cloudy and hot 
weather (Datta, 1999). The free carbondixode which is much more soluble than 
oxygen (Welch, 1952) in water always found in large quantities in polluted waters. 
Thus free CO2 may be present throughout the year (Verma, 1969, Chourasia and 
Adoni. 1985) or in some samples taken in a year (Prasad, 1990) or present 
sporadically (Kant and Raina, 1990) or may be absent altogether (Ganapati, 1960; 
Gaur, 1998). 
The presence of carbon dioxide in Indian freshwater bodies has been recorded 
by many workers like Ganapati (1956), Hussainy (1967), Verma and Shukia (1968), 
Verma (1969), Sreenivasan (1972), Qadri and Yousuf (1978), Chaurasia and Adoni 
(1985), Bisht and Das (1985), Singhal etal. (1986), Shardendu and Ambasht (1988), 
Ghosh and George (1989), Kaushik etal. (1989), Fasihuddin and Kumari (1990), 
Prasad (1990), Kaushik and Saksena (1999), Vijaykumar etal. (1999) and Hosetti 
(2002). 
METHODOLOGY 
Carbon Dioxide was determined by tritrating a 100 ml water sample with N/44 
NaOH using phenolphthalein as indicator (APHA, 1992). Hydrogen ion concentration 
of the water was determined with the help of Marconi's portable pen type digital pH 
meter. Alkalinity was estimated by titrating a 100 ml water sample with 0.02 N 
sulphuric acid using phenolphthalein and methyl orange as indicators (Theroux et al., 
1943). Hardness of water was estimated by tritrating the water sample with 0.01 M 
EDTA solution using Murexide as indicator (Trivedy and Goel, 1984). 
RESULTS AND DISCUSSION 
Free carbon dioxide was never recorded in all three ponds, under study, 
throughout the study period from February, 2000 to May, 2001 .The absence of carbon 
dioxide might be attributed to release of carbon dioxide from water column to 
atmosphere due to increase in temperature, complete utilization of carbon dioxide 
during photosynthesis by algae, presence of abundant carbonates which did not allow 
carbon dioxide to be produced in the bottom and column to reach to the surface 
(Ganapati, 1960) and also due to complete conversion of free CO2 into bicarbonates 
after reacting with carbonates (Rawson, 1939). Welch (1952) stated that some free 
CO2 might be lost into atmosphere due to agitation of water. Complete absence of 
carbon dioxide was also reported by Ganapati (1960), George (1966), Jana and Sarkar 
(1971), Khan and Khan (1985), Gaur (1998) and Kaushik and Saksena (1999). In this 
study, compI(;te absence of carbon dioxide may be due to the presence of carbonates 
in appreciable quantity or increased values of pH (8.3 or above). Similar observations 
have been reported by Jhingran (1991) and many others (Kaushik and Saksena, 1999). 
According to Brown and Brook (1960), free carbon dioxide is not a conditioning 
factor for growth. Presence of macrophytes, plankton and fishes in these ponds during 
the investigations supports their fiirther finding. However, Singhal et al. (1986) have 
reported low values of free CO2 when aquatic vegetation was more abundant. 
pH oi' any aquatic system is suggestive of acid-base equilibrium achieved by 
various dissolved compounds. pH or Hydrogen ion concentration of natural waters is, 
therefore, an important environmental factor. The variations of which are linked with 
chemical chiinges, species composition and life processes of animal and plant 
communities inhabiting the water body. pH is generally considered as an index for 
suitability of environment and is one of the most important factors affecting 
productivity of a water body (Welch, 1952). There is always an optimum range of pH 
for growth and survival of any organism. pH between 6.5 and 9.0 supports good 
fishery (Ellis, 1937). 
Alikunhi (1957) has demonstrated that pH between 6.5-8.5 with large 
variations play a pivotal role in the productivity of water. Verma and Shukla (1968) 
believed that alkaline waters support large amount of biota. Bell (1971) has stated that 
pH range between 6.5 to 9.0 provide an adequate environment for the well being of 
freshwater fish, bottom dwelling invertebrates and fish food organisms. Das et al. 
(1995) obsen^ed that pH range of 6.1-8.6 was absolutely harmless for Indian major 
carps fry growing under agroclimatic conditions of Assam. According to Das et al. 
(2001), pH has a direct effect on fish growth appetite and food conversion ratio as 
well as growth and survival of fish food organisms. 
The pH in these water bodies fluctuated from 8.3 to 9.3 (Table 3) throughout 
the course of study. Pond I showed minimum pH (8.3) during June-August and 
October in the year 2000 and maximum (9.1) in the month of March, 2000 and 
January, 2001. Pond II showed minimum pH (8.3) during May, 2000 and February, 
2001, and maximum (9.1) during January, 2001. Pond III showed minimum pH (8.3) 
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during Febmary, 2000 and January, 2001 while maximum pH (9.3) was recorded 
during May, 2001. 
The alkaline pH in all the three water bodies, under study, confirms the earlier 
reports that most of the freshwaters in the Northern India showed alkaline pH range 
(Singhal et ah, 1986; Shastree et al, 1991). The pH depends on the amount of 
carbonates of calcium and magnesium and carbon dioxide tension in the water. The 
latter in turn influenced by photosynthetic activities of aquatic vegetation and life 
cycles in the pond (Dasgupta, 1993). pH values were always foirnd to be grater than 
8.1, indicating domination of photosynthetic activity on the respiratory activity of the 
biota (Atkins and Harris, 1924). 
The reason for high pH during some months may be due to enhanced 
photosynthesis carried out by phytoplankton and macrophytes, thereby, removing free 
CO2 and resulting in the increase of alkalinity in all the ponds, under study. During 
the same process, bicarbonates are converted into CO3' and hence pH is raised. 
Statistical analysis was carried out between pH and carbonates (Table 10; Fig. 17), 
and a positive correlation between these two parameters was obtained in pond I 
(r = 0.334) and pond II (r = 0.534), but in the case of pond III, a negative correlation 
was obtained (r = -0.207). Sreenivasan. (1964) have found that decrease in pH value 
during different months was probably due to release of anaerobic water, affected by 
the decomposition of concentrated organic matter and respiration of biota while 
increase was mainly due to rise in carbonate alkalinity resulting from the 
photosynthetic activity of phytoplankton and other green aquatic plants. Khan (1969) 
has also given the similar reason. 
Pond III showed highest pH during summer months. It might be due to 
evaporation of water resulting in the concentration of detergents and other organic 
matters. Increased photoperiods and light intensity during summer also helps in 
enhancing photosynthetic activity and so pH. High pH during summer was also 
recorded by Adoni (1975) and Unni (1984). 
In monsoon months, heavy rains caused higher turbidity, and so 
photosynthetic rate is also decreased because of low transparency and reduced 
intensity of light causing decrease in pH value in these ponds. A fall in pH during 
monsoon months was also recorded by Shardendu and Ambasht (1988). Since these 
shallow lentic water bodies are more subjected and prone to local disturbances, they 
exhibit higher degree of fluctuations (Table 3). Ohle (1938) opined that pH, 10.0 and 
below 4.8, have a detrimental effect. According to Swingle (1967), if water has pH 
less than 6.5 or above 9.5 for a prolonged period, reproduction and growth of fish 
would diminish. Bell (1971) has stated that in waters having low pH values, fishes 
and other aquatic organisms get prone to attacks of parasites and diseases. In the 
present study, however pH was never found beyond the above mentioned range. 
Alkalinity of water, as usually interpreted, refers to the quantity and quality of 
compounds present, which collectively shift the pH to the alkaline side of neutrality 
(Wetzel, 1983). Natural waters exhibit wide variations in relative acidity and 
alkalinity, not only in actual pH values, but also in the amount of dissolved materials 
producing the acidity or alkalinity. The concentration of these compounds and the 
ratio of one to another determine the actual pH and the buffering capacity of given 
water. The property of alkalinity is usually imparted by the presence of bicarbonates, 
carbonates and hydroxides and less frequently in Inland waters by borate, silicate and 
phosphates (Wetzel, 1983). The CO2, HCO3' and CO3" equilibrium is a major 
buffering mechanism in freshwaters. Alkalinity is very important for aquatic life in 
freshwater system because it corrects pH changes that occur naturally as a result of 
photosynthetic activity of chlorophyll bearing plants. 
Natural water bodies in tropics usually show a wide range of fluctuations in 
total alkalinity values depending upon the location, season, plankton population, 
rainfall, washer men's activity and nature of bottom deposits etc. The range of 
alkalinity in Indian waters varied from 40 to 1000 mg/L (Jhingran, 1991). Many 
workers considered alkalinity as a measure of productivity (Alikunhi, 1957). Spence 
(1964) divided South Scottish waterbodies into three major categories based on 
alkalinity 
i) Nutrient poor with alkalinity ranging 1.0 to 15.0 mg/L 
ii) Moderately rich with alkalinity ranging from 16.0 to 60.0 mg/L, and 
iii) Nutrient rich with alkalinity greater than 60.0 mg/L. 
The three kinds of alkalinity, hydroxides (OH"), monocarbonates (CO3") and 
bicarbonates (HCO3") can be distinguished with standard acid using methyl orange 
and phenolphthalein indicators successively. Normal carbonate alkalinity may be 
present with either hydroxide or bicarbonate alkalinity, but hydroxide and bicarbonate 
cannot be present together in the same sample (Theroux etal, 1943). There may be 
only one condition among given five alkalinity conditions in the sample. 
(1) Hydroxides alone (2) Hydroxides and normal carbonates (3) Normal 
carbonates alone (4) Normal carbonates and bicarbonate (5) Bicarbonates alone. 
In the present study, alkalinity was due to carbonates and bicarbonates in all 
these ponds, except pond III where 2" condition was found during some months. 
According to Jhingran (1991), a mixture of bicarbonate and carbonate alkalinity is 
generally encountered in water of pH ranging from 8.4-10.5. 
In all these ponds, alkalinity is contributed by carbonates, bicarbonates and 
hydroxide (Table 3). Total alkalinity values ranged between 67 to 400 mg/L. In pond I 
minimum value (170 mg/L) was recorded during March, 2001 and maximum 
(400 mg/L) recorded during March, 2000. Pond II showed minimum (128 mg/L) 
during August, 2000 and maximum (389 mg/L) during March, 2000, whereas pond III 
showed minimum (67.0 mg/L) during March, 2000 and maximum (244 mg/L) during 
December, 2000. Lakes and ponds of the plains of coimtry have been reported to be 
alkaline in general (Sen etal, 1992; Pathak and Shastree, 1993; Patralekh, 1994 and 
Kumar, 1995). 
The factors responsible for higher alkalinity have been reported to be organic 
pollution, excessive release of soap and detergents through cloth washing, bathing and 
decomposition of organic matter in sediments (Hayes and Anthony, 1959). 
In the present study, higher and lower alkalinity values were found to be 
related with the fluctuations in the photosynthetic activity of chlorophyll bearing 
organisms. 
Statistically, a positive correlation was obtained (Table 10; Fig. 18) between 
total alkalinity and phytoplankton (pond I: r = 0.593; pond II: r = 0.298 and pond III: 
r= 0.415). On the contrary, no positive relationship was obtained between total 
alkalinity and phytoplankton by Haque (1991). Higher values during winter and 
post-winter months might be due to input of detergents (pond III) and lower 
production rate (all the ponds). Parida et al. (1999) have also recorded low values of 
alkalinity during monsoon months. Salwi (1986) and Dash (1993) correlated low 
alkalinity during winter and high during monsoon months to the entry of alkaline 
particles through surface runoff and low production of phytoplankton. It can be said 
that wide fluctuations in the total alkalinity, in these waterbodies, might also be due to 
entry of sewage, fertilizers and insecticides from the surrounding catchment areas. 
Higher alkalinity is always due to enrichment of the ponds and lakes (Spence, 1964). 
He stated that alkalinity and pH are closely connected with an accurate measure of the 
trophic status of lake water. On the basis of his assumption, all the three water bodies, 
under study, are in increasing order of eutrophy. 
Total alkalinity, in studied ponds, was always found to be greater than 
60mg/L and, thus, they can be considered nutrient rich ponds (Spence, 1964). 
According to Alikunhi (1957), all these ponds with total alkalinity greater than 
100 mg/L can be categorized as highly productive with exception of pond III during 
some months; when total alkalinity was less than 100 mg/L (Table 3). 
Carbonate alkalinity is invariably found in all water bodies on occasions 
when free CO2 is absent. It is reported to be absent in many freshwater bodies 
(Ganapati, 1956; Verma, 1969; Sreenivasan, 1972; and Singhal etal, 1986). The 
main reason for its absence was found to be low photosynthetic rate of phytoplankton 
and the green aquatic plants (Jana and Sarkar, 1971; Qadri and Yousuf, 1980; Yousuf 
and Shah, 1988). Wetzel (1983) correlated the presence and absence of CO2, CO3 and 
HCO3 with the pH of the water. He reported that free carbon dioxide dominates 
waters bearing pH 5 or below. Carbonates are quantitatively significant in waters 
having pH 9.5, and HCO3" predominates in waters having pH between 7 and 9. 
Theroux etal. (1943) have reported presence of CO2 and absence of CO3 in waters 
having pH 8.3 or less. 
Many workers observed seasonal variations in carbonate alkalinity in Indian 
freshwaters (Verma and Shukla, 1968; Sreenivasan, 1972; Shardendu and Ambasht, 
1988; Kaushik etal. 1989; and Kumari, 1990; Kant and Raina, 1990; Prasad, 1990; 
Siddiqui et al., 1990 and Kaushik and Saksena, 1999 etc.). 
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Carbonate alkalinity was recorded in all the samples collected from these 
derelict water bodies throughout the period of investigations. It varied from 8.0 to 
176 mg/L (Table 3). In the pond I, the minimum carbonate alkalinity (32.0 mg/L) was 
recorded in the month of November, 2000 and maximum (94.0 mg/L) in the month of 
March. 2000 when total alkalinity was highest. Pond II showed minimum values 
(8.0 mg/L) in the month of November, 2000 and maximum (64.0 mg/L) in March, 
2000 again when total alkalinity was highest. Pond III showed minimum carbonate 
alkalinity (58 mg/L) during March, 2000 and maximum (176.0 mg/L) during the 
December, 2000. 
Since carbon dioxide (CO2) was found to be absent in all the samples collected 
from these waterbodies, carbonates were always recorded in appreciable quantities 
(Table 3). The fluctuations in the carbonate alkalinity were mainly due to 
photosynthetic activity of algae and green plants inhabiting the ecosystem. During 
photosynthesis, bicarbonates are broken down and carbonates are released. The 
changes in phytoplankton number have been found to be directly related with the 
changes in carbonate concentration (Prasad, 1990). In the present study too, 
statistically significant positive relationship was obtained (Table 10; Fig. 19) between 
carbonate concentration and phytoplankton number (pond I: r = 0.670; pond II: 
r = 0.671 and pond III: r = 0.452). 
However, Khan (1969) and Haque (1991) did not find any relationship 
between these two variables. In the present ponds, alkalinity increased and decreased 
along with the pH of water (Table 3). Statistically, carbonates showed positive 
correlation v/ith pH for pond I and pond II, and negative for pond III (Table 10; 
Fig. 17). Absence of positive and significant correlafion in this pond (pond III) might 
be due to the input of detergents through washermen's activity. In polluted lakes and 
rivers, organic anions may become a part of total alkalinity (Cole, 1983). 
Bicarbonate alkalinity invariably present in waters in which photosynthesis 
is actively taking place. Seasonal variations in bicarbonate alkalinity in Indian 
freshwater have been studied by Ganapati (1956), Verma (1969), Zutshi and Vass 
(1978), Qadri and Yousuf (1980), Bisht and Das (1985), Kaushik etal. (1989, 1990, 
1991a, b), Haque (1991) and Kaushik and Saksena(1999). 
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Bicarbonate alkalinity was always found in all the three ponds except in the 
pond III, during some months of the investigations when OH" alkalinity was present 
(Table 3). In pond I, it ranged between 135.0 to 306.0 mg/L, being maximum in 
March, 2000 and minimum in March, 2001, whereas in pond II, values varied from 
94.0-340.0 mg/L, being minimum during August, 2000 and maximum during 
February, 2000. Pond III showed totally different pattern of bicarbonate alkalinity 
(Table 3). 
The presence of half bound carbon dioxide (bicarbonate), in these ponds, 
indicates that the phytoplankton utilize a significant amount of half bound carbon 
dioxide (bicjirbonates) as a carbon source when there is no carbon dioxide. Similar 
observations were made by Khan (1969). Jindal and Kumar (1993) have found the 
presence of iree carbon dioxide when carbonates were absent and vice versa, in their 
studies. In the absence of free CO2, bicarbonates are converted into carbonates. This is 
further supported by the presence of half bound carbondioxde (bicarbonates) and 
dissolved oxygen resulting from photosynthesis. In the present study, bicarbonates 
were always found to be present in excess indicating that carbon dioxide was never 
became a limiting factor for photosynthesis. 
Hardness is the property of water, which prevents lather formation with soap 
and increases boiling point (Trivedy and Goel, 1984). Multivalent metallic cations 
(Ca and Mg ) and sometimes Iron, Strontium, Zinc, Manganese and Aluminum, 
which are usually found in much smaller amounts than Calcium and Magnesium are 
responsible for hardness. The anions responsible for hardness are mainly 
bicarbonates, carbonates, sulphates, chlorides, nitrates and silicates etc. Hardness is of 
two types: carbonate (temporary) or non-carbonate (permanent) type. Carbonate 
hardness is sensitive to heat and precipitate readily at higher temperature. Mairs 
(1966) has found that hardness and alkalinity are closely related to each other. Like 
alkalinity, hardness is also an important parameter in determining the toxic effects of 
poisonous elements. Several classifications have been proposed in the past. Sawyer 
(1960) classified water on the basis of hardness into three categories. 
i) Soft with hardness from 0.0 to 75.0 mg/L, 
ii) Moderately hard with hardness 75.0 to 150.0 mg/L, and 
iii) Hard with hardness 150.0 to 300.0 mg/L. 
Andrew (1972) has classified water bodies in the following manner: 
i) Waters having hardness from 0.0-60.0 mg/L as soft, 
ii) Waters having hardness from 61.0-120.0 mg/L as moderately hard, 
iii) Waters having hardness froml21.0-180.0 mg/L hard; and 
iv) Waters having hardness greater than 180.0 mg/L as very hard. 
Brown and Gratzek (1980) have suggested that a total hardness of 10 mg/L CaCOs is 
equivalent to the dividing line between soft and hard water. Unni (1983) has 
suggested that total hardness can be used as indicator for classifying domestic 
pollution in water. Deshmukh etal. (1964), Shastry et al. (1970), Patil et al (1986) 
and Zutshi and Khan (1988) recorded hardness and concluded that it is subjected to 
variations. 
The total hardness showed wide fluctuations (140-500 mg/L) in these derelict 
water bodies of Aligarh (Table 4). Pond I and II showed minimum values of hardness 
as 142.0 m } ^ and 140 mg/L respectively in the month of August, 2000 and 
maximum (500 mg/L) in the month of May, 2000 (both the ponds). The pond III 
showed a ramge of 240-376 mg/L with minimum concentration recorded during 
August, 2000 and maximum 276 mg/L during (December, 2000). 
Higher concentrations might be due to evaporation of water at high 
temperature in both pond I and pond II. Haque (1991) have also reported higher 
values during simimer. Contrary to this, pond III showed higher values during winter, 
which might be due to regular addition of large quantities of sewage and detergents 
into this pond. Kaur et al. (1996) reported higher values of hardness during December 
giving similar reasons. Swaroop and Singh (1979) and Gaur (1998) have also shown 
the increase in hardness during winter months. The observed decrease in hardness 
during monsoon months (Table 4) might be attributed to dilution of water by rain as 
also reported by Basheer (1991) and Gaur (1998). 
The present waterbodies can be classified under "very hard category" on the 
basis of hardness classification given by Andrew (1972), except in few monsoon 
months for pond 1 and II when it falls under the range for "hard waters" (Table 4). 
Moreover, higher values of hardness than alkalinity in pond III show that, in 
this water body, hardness is mainly contributed by carbonates and bicarbonates 
(Tables 3 & 4). Higher values also indicate pollution of this water body caused by 
domestic wastes containing mainly detergents (Unni, 1983). On the basis of earlier 
works of Patralekh (1994) and Unni (1983) it can be concluded that high hardness is 
the general characteristics of water bodies situated in plains. 
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lOmC COMcpOSlTlOHsf 
CHAPTER -Vm 
IONIC COMPOSITION 
The ionic composition of water plays a very important role in the metabolism 
of various groups of aquatic organisms. It has been an index of productivity (Moyle, 
1949 and Northcote and Larkin, 1956). All the waters in nature contain both organic 
and inorganic dissolved solids. Four major anions, namely carbonates, bicarbonates, 
sulphates and chlorides and four major cations, namely calcium, magnesium, sodium 
and potassium dominantly contribute to ionic composition of any water body. Ionic 
composition of the pond is dependent upon a relatively unmodified supply of ions 
from the rain water. The concentration of cations like magnesium, sodium, potassium 
and the major anions such as chloride are relatively conservative and undergo only 
minor spatial and temporal changes within lake or pond from biotic utilization or 
biotically mediated environmental changes. Calcium, inorganic carbon and sulphate 
are dynamic and concentrations of these ions strongly influenced by microbial 
metabolism (Wetzel, 1983). 
According to Rodhe (1949), freshwater lakes all over the world tried to 
maintain general rule in the content of ions (Ca > Mg > Na > K; HCO3 > SO4 > CI), 
although regional and local peculiarities such as geological and climatic conditions 
counteract and conceal this tendency giving a water body different ionic composition 
A grate deal of literature exists on the ionic composition of temperate waters. 
Important contributions are those of Birge and Juday (1911), Maucha (1932), Ohle 
(1935), Lohammer (1938), Davis (1962), Harris (1967), Turekian etal. (1967), 
Munawar, (1970, 1972), Khan and Siddiqui (1974), Mathew, (1975). Unni (1982), 
Hegde, (1985), Trivedy et al. (1985), Haque (1991) and Gaur (1998). 
In India, Upadhayay (1955, 1963 and 1964) has reported the concentration of 
few ions in some inland waters of Uttar Pradesh, while Khan and Qayyum (1966a) 
and Khan and Siddiqui (1974) have studied in detail the ionic composition of fish 
ponds at Aligarh. Munawar (1972) gave a detailed account of ionic composition in 
three ponds of Hyderabad. In addition to these contribution, Chakerborty et al. (1959). 
Saha etal. (1971), Mathew (1975), Unni (1982), Hegde (1985) and Trivedy etal. 
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(1985) have also reported presence of ions in different kinds of water bodies in 
different parts of India. 
Calcium (Ca) and magnesium (Mg) are the abundant cations found in 
freshwater bodies. Calcium is one of the most essential nutrients found in natural 
waters for increasing productivity (Ohle, 1938). It serves as an essential micronutrient 
for most of the aquatic organisms, particularly green algae and macronutrient for 
blue-green algae (Goldman, 1965). It is reported to be one of the variables on which 
faunistic differences can be based (Kaushik and Saksena, 1999). According to 
VoUenweider (1950), diatoms grow best with high calcium content. Calcium has been 
implicated in numerous ways in the growth and population dynamics of flora and 
fauna (Wetz:el, 1983). The lack of this element may play a role in promoting 
dystrophy and decreasing the rate at which organic substances are mineralized and 
recycled for use by the primary producers. Sources of calcium in the present studied 
ponds appear to be terrestrial in origin, being derived by weathering of calcareous 
materials and domestic effluents entering into the waterbodies. It occurs in pond water 
mostly in combination with carbonates and bicarbonates and sometimes with chloride 
and sulphates (Welch, 1952). The calcium content in tropical water bodies shows 
wide fluctuation. In Indian fresh waters, calcium content fluctuated from 11.2 to 
390.67 mg/L (Kaushik and Saksena, 1999). The concentration up to 1800 mg/L has 
no adverse physiological effect on human beings (Lehr et ah, 1980). Chacko and 
Ganapati (1949) have stated that a minimum of 650 mg/L of calcium is essential for 
really good production in waterbodies. German limnologist, Ohle (1938) has given 
the following classification of waterbodies depending upon the calcium concentration. 
i) Water with Ca < 10.0 mg/L as poor, 
ii) Water with Ca 10.0 mg/L to 25.0 mg/L as medium, and 
iii) Water with Ca > 25.0 mg/L as rich. 
According to Ohle (1934), the waterbodies, under study, can be categorized as 
"rich" because calcium content of these ponds was always found greater than 
25 mg/L throughout the period of study with few exceptions during monsoon months 
(August and September, 2000) in pond IL 
Magnesium (Mg), like calcium, is an essential nutrient required universally by 
chlorophyllus plants for the magnesium porphyrin component of chlorophyll 
molecule, and as a micronutrient in enzymatic transformation, especially in 
transphosphorylation of algae, fungi and bacteria (Wetzel, 1983). The depletion of 
magnesium acts as a limiting factor for the growth of phytoplankton and reduced the 
number of phytoplankton (Kaushik and Saksena, 1999). In the present study too, a 
positive coirelation was obtained between magnesium content and phytoplankton 
number in pond II and pond III (Table 10; Fig. 20). It reaches in the water body 
through sunface run-off, decomposition of proteins and excreta of aquatic animals, 
and utilized by autotrophs from where it is transferred to higher trophic levels. 
Decomposition process of plants and animals return magnesium again to the 
ecosystem to be used again (Kumar and Gupta, 2002). 
Magnesium is generally present in waters in combination with carbonates and 
bicarbonates and in these forms it resembles with calcium monocarbonate in reaction 
with water. The range of magnesium (Mg) in Indian waters was found to vary 
between 2.45 to 107 mg/L (Goel etai, 1986, Khatavakar etal., 1990). Kaushik and 
Saksena (1999) reported magnesium content to vary between 9.25 to 34.82 mg/L in 
different water bodies of central India. Khan and Siddiqui (1974) have observed Mg 
content ranging from 9.9 to 24.6 mg/L with minimum in November and maximum in 
February in a fishpond at Aligarh. 
Chloride is not a dominant anion found in open lake systems. In freshwater 
bodies, it is found in combination with sodium, potassium and calcium. Lakes and 
ponds usually receive significant input of chloride from atmospheric transport, reflex 
leachates, discharge of effluents from chemical industries, irrigation drainage and 
sewage discharges (Vijaykumar etai, 1999). Pollution sources of chlorides can 
modify natural concentrations greatly (Wetzel, 1983). In many aquatic ecosystems, 
chloride is contributed by animal excreta and urine (6.0gm chloride/person/day) 
which raises chloride in sewage (15.0 mg chloride/L) (Haque, 1991). The solvent 
power of water dissolves chloride from topsoil and deeper formation from the bottom 
sediments to the overlying layer of water through circulation affected by wind. 
Chloride is influential in general osmotic salinity balance and in exchange, but 
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metabolic utilization does not cause any significant variation in the spatial and 
seasonal distribution within a lake (Wetzel, 1983). It acts as antibiotic in nature and 
the presence of large amount of chloride is lethal to pathogenic bacteria. Chloride 
around 20.0 mg/L, is considered to be favorable for freshwater community (Dayanand 
et al., 2002). However, chloride itself alongwith phosphate and nitrate makes the 
water eutrophic (Schmitz, 1996). Due to anthropogenic activities like washing of 
domestic animals, washing of cloths, churning of water, chloride concentration build 
up. The chloride content of freshwater bodies has been investigated by large number 
of researchers (Venkateshwarlu, 1969; Puttaiah and Somashekar, 1987 and Rao and 
Durve, 1989). 
The inorganic sulphur occtirs predominantly in natural waters, as sulphate. 
The sulphate ion (SO4") is second to carbonate as principal anion in freshwaters 
(Cole, 1983), although chloride sometime surpasses it. It is reported to be utilized by 
phytoplankton and photo-autotrophs (Schwoerbel, 1987). Natural waters have few to 
several thousand mg/L of sulphates (APHA, 1992). Livingstone (1963) reported an 
average of 24.0ppm for European fresh waters, lakes and rivers. In Indian rivers, 
sulphate ranged between 14.0-267.0 mg/L during different months (Gupta and 
Sharma, 2002). Free or elemental sulphur is inactive at ordinary temperature. This 
element can combine with both metals and nonmetals to form many compounds. 
Sulphates produce an objectionable taste at 300.0-400.0 mg/L. Concentrations abo%"e 
500.0 mg/L give bitter taste, and at concentrations around 1000.0 mg/L, it acts as 
laxative (USEPA, 1973). Free sulphur is an important constituent of protoplasm 
(Kumar and Gupta, 2002). It is found in proteins (Goldman and Home, 1983) and 
specifically within those amino acids having sulphahydryl (SH) bonding e.g. Cystine 
and Methionine (Cole, 1983). When sulphur is combined with hydrogen or oxygen, a 
series of reduced and oxidized forms of sulphur can be formed. The most reduced 
state is sulphide (S"), and the most important sulphides to limnology are gas. 
hydrogen sulphide (H2S) and ferous sulphide (FeS). It combines with hydrogen to 
from hydrogen sulfide (H2S) and with Iron (Fe) it forms ferrous sulphide (Cole. 
1983). 
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The oxidized form of sulphur (SO4") combine with hydrogen to form 
sulphuric acid. Relative contribution of sulphur compounds to natural waters varies 
with the regional lithology, agricultural application of sulphate-containing fertilizers 
and atmospheric sources in addition to other sources (Wetzel, 1983). 
Atmospheric sources of sulphate have increased with man's industrial 
activities. Anthropogenic sources can contribute to an extent of 40% of total sulphate 
of river water (Friend, 1973). Untreated sewage has a range of sulphate content from 
188.0 to 203.0 mg/L (Gupta and Sharma, 2002). Man now contribute about ten times 
more SO2 thain the annual production from volcanoes. Coal combustion produces the 
gas maximum and copper smelting and paper manufacturing add to it (Cole, 1983). 
Through precipitation and run-off water, the sulphate level of some freshwaters has 
become unusually high showing heavy pollution load (Kumar and Gupta, 2002). 
Entry of sulphate into freshwater systems is through a variety of sources such as rain 
water, sewage and bottom sediments (Paul and Verma, 1999). Autotrophic organisms 
and many heterotrophic bacteria require considerable quantity of sulphur from 
sulphate in the ecosystem. 
METHODOLOGY 
The amount of Calcium and Magnesium present in water is estimated by 
titrimetric methods as given by Trivedy and Goel (1984) and APHA (1992). Chloride 
was estimated by titrating the sample of water with 0.025 Silver Nitrate solution using 
5% Potassium Chromate solution as indicator following APHA (1992). Sulphate is 
measured by turbidimetric method as given by Trivedy and Goel (1984). 
RESULTS AND DISCUSSION 
Calcium: Monthly fluctuations in calcium (Ca) content of these water bodies 
are given in Table 4. Pond I showed lower concentration during monsoon with 
minimum (28.06 mg/L) in August, 2000, while higher values were observed during 
summer with maximum (120.24 mg/L) in May, 2001. The pond II showed highest 
concentration (110.0 mg/L) in June 2000, which decreased gradually and reached to a 
minimum of (24.04 mg/L) in the following monsoon month (August, 2000). The pond 
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Ill showed minimum concentration (34.54 mg/L) in August, 2000 and maximum 
(116.50 mg/L) in June, 2000. 
It was observed that calcium content in these ponds was lowest in monsoon, 
highest in summer and moderate in winter. Increasing calcium level during summer in 
these water bodies is probably due to evaporation of water and decomposition of dead 
aquatic plants and animals. Ramanibai and Ravichandran (1987), Kaushik et al. 
(1991b) and Kaushik and Saksena (1999) have reported high calcium content during 
summer in some fresh water bodies. Haque (1991) has also reported high calcium 
content during summer months when decomposition was very high and humidity was 
very low. 
Relatively higher calcium in these water bodies might also be due to heavy 
input of sewage from surrounding area. In monsoon months dilution of water was 
found to be the main cause of lowering the calcium content. Decreased calcium 
content, during rainy season, has also been reported by Ramanibai and Ravichandran 
(1987) and K;mt and Raina (1990), whereas Zutshi and Vass (1978) have reported low 
calcium level during winter and related it to sedimentation and utilization by plankton 
organisms. 
Magnesium: In all these ponds magnesium content ranged from 8.82 to 
56.03 mg/L (Table 4). Higher concentrations of Magnesium were noted during 
summer months. These ponds showed minimum concentration during post monsoon 
month, November, 2000 (9.98 mg/L, 8.82 and 9.74 mg/L in pond I, pond II and pond 
III respectively). Its maximum value (56.03 mg/L) was observed during May, 2000 in 
pond I, during April 2001 (48.73 mg/L) in pond II and during May, 2001 (47.50 
mg/L) in pond III. 
Higher concentration of magnesium during summer months might be due to 
evaporation of water and higher rate of decomposition of organic matter. Lower 
values in the surface waters of ponds I, II and III during post monsoon and winter 
months were found to be due to higher sedimentation rate leading to settlement in the 
bottom and utilization by plankton organisms. Haque (1991) and Shastree etal. 
(1991) have also reported higher concentration during summer and lower during 
winter. 
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Lower values of Mg during monsoon months in these ponds can be correlated 
with dilution of pond water with rainwater. Kaushik and Saksena (1999) have 
reported irregular trend of fluctuations in magnesium. They observed lower values in 
few months and related it to its utilization by phytoplankton and macrophytes, 
whereas higher values during summer were found to be due to its release during 
decomposition of organic matter. Coefficient of correlation between Mg and 
Phytoplankton (Table 10; Fig. 20) showed negative relationship (r = -0.255 at 
P = 0.05) in pond I and positive in pond II (r = 0.476) and pond III (r = 0.47). 
Chloride: Temporal and spatial variations in chloride content are shown in 
Table 4. Pond I showed a range jfrom 28.0 to 99.0 mg/L being maximum during May, 
2000 and minimum in March, 2000, whereas in pond II, the minimum chloride 
concentration was found to be 36.0 mg/L during November, 2000 and maximum 
(98.0 mg/L) during February, 2001. In pond III, the maximum chloride value 
(280.0 mg/L) was recorded during May, 2001 and minimum (53.0 mg/L) during 
August, 2000. Seasonal variations in highly soluble chloride were mainly due to 
addition or losis of relative amount of chloride in incoming sewage and rainwater. It 
may also be due to variations in the concentration of chloride (CI) in the surface 
run-off water introduced into the pond, sedimentation and evaporation rate during 
different periods. Klein (1957) was also of the opinion that chloride in aquatic 
environment is added mainly through sewage contamination. In pond I and pond III, 
increased chloride value during summer were found to be mainly due to evaporation 
because of high ambient temperature and maximum human activities. Similar results 
have also been reported by Chaurasia and Adoni (1985), Kaushik et al. (1989, 1991a, 
b) and Kaushik and Saksena (1999). Haque (1991) has reported maximum chloride 
content during summer from a polluted water body at Aligarh. 
Sunder (1988), Kumar (1995), Kumar and Gupta (2002) have also found 
higher chloride content during summer months and they attributed it to surface run-off 
loading frequently with contaminated water from the surrounding settlement and high 
rate of evaporation. Lower values, recorded during winter in pond I and pond III, can 
be attributed to sedimentation and human disturbances (Kant and Raina, 1990). 
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Contniry to ponds I and III, pond II showed irregular pattern of chloride 
concentration which might be due to the amount of organic matter washing down 
from the sun'ounding catchment area and incoming drainage from the surrounding 
settlements containing chlorinated compounds during different times. Haque (1991) 
found similar reason for chloride increase in some polluted water bodies of Aligarh. 
According to Tresh et al. (1994), the higher chloride content of water is an 
index of pollution of animal origin Kumar and Singh (1999) found chloride much 
more obvious in tribal ponds due to discharge of domestic sewage, bathing, washing 
of clothes, cleaning of textiles and with dumping activities. 
Verma and Shukla (1970) have observed higher values of chloride when 
maximum growth of plankton and bottom biota occurred, but Sarkar and Rai (1964) 
have revealed that chloride is not used in plant growth and thus accumulated in large 
amounts in the sediment due to input of heavy pollution load. 
To assess the effect of chloride on the phytoplankton population, a correlation 
analysis was made. A negative correlation was obtained in between phytoplankton 
and chloride (Table 10; Fig. 21) in pond I (r = -0.255), but ponds II and III showed a 
positive relationship(r = 0.476 and r = 0.474 respectively). However, all the values 
were found to be insignificant (Table 10) indicating the disturbed condition of these 
waterbodies. 
Increased concentration of chlorides is an indication of eutrophy caused by 
organic pollution (Hynes, 1960). The waterbodies under study are also under heavy 
loads of organic wastes and are at the verge of eutrophication. 
Sulphates: In the water bodies, under study, sulphate showed a range of 31.47 
to 117.77 mg/L (Table 4), being minimum during September, 2000 and maximum in 
the month of January, 2001 in pond I, 27.50 to 90.0 mg/L in pond II (maximum in 
May, 2001 and minimum in July, 2000) and 55.40 to 120.0 mg/L in pond III 
(minimum in October, 2000 and maximum in June, 2000). 
Sulphate is contributed to these ponds mainly from biogenic sources. In 
addition, organic matter from the catchment area containing sulphur as sulphate or 
sulfide also enters in these water bodies, which, due to biological activity (bacterial 
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oxidation), is converted into organically bound sulphur as sulphate (Chaudhury et ai, 
1996). 
Gorham (1958, 1959) has shown that soil water in highly organic woodland 
soil contains appreciable amount of sulphate. Such sulphates are produced in these 
ponds from the oxidation of sulphur compounds in humus layer and leaf litters (Khan, 
1969). In these ponds, sulphates being highly soluble and easily leached (Starkey, 
1950), are not found to accumulate. Decrease in sulphate may be attributed to its 
reduction to sulphide, some of which entered the anaerobic sediments as the insoluble 
ferrous sulphide (Cole, 1983). Kimbadi etai, (1995) reported low concentration of 
sulfate in surface waters of Lake Tanganyika (Zaire) and attributed it to reduction of 
sulphate to sulfide by Desulphovibrio sp. bacteria and precipitation in the sediments. 
Anoxic sediments, rich in organic matter, release gaseous hydrogen sulfide 
(H2S) to produce the familiar rotten egg smell of decaying vegetable. In lakes and 
estuaries this H2S is oxidized to S04"'at the mud water interface so long as there is an 
oxygenated microzone. Once this layer is reduced by bacterial respiration and 
chemical oxygen demand, H2S is released into the air or overlying water H2S may 
form highly insoluble black ferrous sulfide precipitate and effectively remove iron 
from solution (Goldman and Home, 1983). Seasonal variations in sulphate content 
show higher values during summer and less during monsoon and post monsoon 
months, and are found to be associated with evaporation and dilution of water 
respectively. Kumar and Gupta (2002) have also found similar results giving similar 
reasons. Pandey et al. (2000) attributed the lowering of S04~ to consequent utilization 
by phytoplanliton and other aquatic plants. 
Moyle (1949) stated that S04~ concentration below 300.0 mg/L has little or no 
effect on fish production. A similar observation was made by Ellis et al. (1946). On 
the basis Moyle's (1949) classification of water, based on the presence of sulphate 
and total alkalinity, these water bodies are placed in "Hard water" category with high 
biological productivity. However, Hickel (1973) and Chaudhary etal. (1996) have 
opined that polluted waters are always rich in sulpates. 
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CHAPTER -IX 
DISSOLVED NUTRIENTS 
Dissolved substance in water play a very important role in the metabolism of 
various groups of aquatic organisms. Some of these dissolved substances are known 
to be of greater importance as they serve, both as macro- and micro-nutrients, for the 
growth and production of aquatic organisms. Climatic and edaphic factors provide 
essential source of energies and nutrients. According to Likens and Bormann (1972), 
nutrients in a lentic system originate from biological, geological and meteorological 
pathways. They are considered to be of primary importance. Like energy, nutrients 
enters the cycle through autotrophic photosynthetic production (autogenic source), a 
part of which is passed on to the next trophic level and the remainder reaches to the 
bottom after the death and decay of organisms and buried in sediments and then is lost 
from the circulation. Bottom sediments are generally recognized as reservoir of 
nutrients (Wetzel, 1983). Nutrients are also locked by macrophytes for longer periods 
but replenished rapidly by the remineralization after the death and decomposition of 
these macrophytes. Thus, nutrients move among three compartments, namely 
dissolved organic matter, particulate organic matter and primary and secondary 
minerals received from the catchment areas. 
Shallow water bodies provide better circulation of nutrients (Pathak 1997), 
and in this way nutrients generally do not become limiting factor for phytoplankton 
and other populations due to regeneration and considerable exchange from land 
(bottom) -water interphase. Nutrients usually have been observed to increase as a 
function of intensity of land use within the basin (Omemick, 1977; Smart et al., 1985) 
and with human population density in the watershed (Peierls et al, 1991). Lentic 
systems are strongly influenced by inputs of nutrients from the terrestrial watershed in 
which they lie. Therefore, the concentration of nutrients differs from one water body 
to another in a particular geographical area depending upon the catchment area. For 
example, the ponds adjacent to agricultural activity have an ecosystem with rich 
nutrient contents. Water bodies are often classified on the basis of their trophic status, 
as eutrophic, oligolrophic and dystrophic using nutrients and algal biomass (Welch. 
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1952). The importance of various nutrients, such as nitrogen, phosphorus and 
silicates, has long been recognized and their action on the biological activities of the 
ponds and lakes has been discussed in detail by Ruttner (1963) and Hutchinson 
(1975). Increased nutrient loading may have detrimental effect on the health of 
freshwater ecosystem leading to excess accumulation of algal biomass, aquatic 
macrophytes and the depletion of D.O. in water. The relevant information on this 
aspect in freshwater bodies is also available from the works of Atkins (1923), Harvey 
(1928), Mortimer (1941), Lewin (1954), Gerloff and Skoog (1957), Holdon (1961), 
Chaudhuri etal. (1962), Vaccaro (1965), Solarzano (1969), Venkateshwarlu (1969), 
Hynes and Grieb (1970), Schindler and Nighwander (1970), Jana and Sarkar (1971), 
Stadelman (1971), Schmidt (1972), Hugh etal. (1974), Peterson etal. (1974), 
Mulligan et al. (1976), Datta et al. (1984), Hegde (1985), Singh et al. (1985), Trivedy 
et al. (1985), Haque et al. (1986), Yousuf e/ al. (1986) and Ananthraj et al. (1987). 
Phosphorus is one of the important nutrients governing overall algal growth 
(Ryther and Dunstan, 1971; Hecky and Kilham, 1988). It plays a pivotal role in the 
productivity of water bodies (Metzger and Boyd, 1980). Phosphorus occurs in natural 
waters solely as phosphate, which play an important role in algal population and 
sometimes acts as a primary limiting factor in lentic waters (Schindler, 1971). It is 
generally accepted that phosphorus limits freshwater production (Schindler, 1980) and 
is regarded as the major limiting nutrient in waterbodies (Heilman, 1968; Klopatek, 
1978; Brown, 1981). It cannot be exchanged with other elements in biological system 
(Aarson etal, 1984). The main sources of phosphorus in natural waters are 
weathering of phosphorus bearing rocks, leaching of soil from catchment area during 
rains, cattle dung and night soils (Jhingran, 1991). Phosphates are released as a result 
of decomposition of phosphate rich detritus. 
The concentration is mainly dependent upon the external sources, like surface 
run-off, atmospheric input, ground water and internal processes like phytoplankton 
uptake, sediment release, recycling by hetrotrophs etc (Hutchinson, 1957, 1975). 
Atmospheric input has been recognized as a major source of phosphorus in many 
lakes located on underdeveloped lands with small catchment areas (Rigler and Peters, 
1995). 
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According to Ganapati (1960), in tropical freshwaters, phosphates are always 
present in sufficient quantities. Freshwater ecosystems have the ability to retain 
phosphorus in the sediments through interaction with iron. Phosphorous is removed 
from the pool of available phosphorus and become buried in the sediments. Certain 
bacteria, particularly denitrifying bacteria, also release Fe bound phosphorus in 
anaerobic conditions (Montigny and Prairie, 1993). Phosphates more than 2.00 mg/L, 
in open waters, indicate organic pollution (Pomeroy etai, 1965). Reid (1961) 
reported mean phosphate content of most lakes ranging between 0.01 to 0.03 mg/L. 
Total phosphorus content in non polluted natural waters extend over a very wide 
range, from less than I jxg/L to more than 200 mg/L in some closed salt lakes 
(Wetzel, 1983). Variations in high and low levels, however, can be related to regional 
geology and input through various sources, like the increased application of 
fertilizers, use of detergents and domestic sewage play a great role in contributing 
heavy loads of phosphorous in water (Goldman, 1965). Nutrient enrichment and 
consequent alteration of nutrients biogeochemical cycle is a serious problem in both 
freshwater and marine ecosystems (Conley etal., 1993). The process of nutrient 
enrichment is speeded up by the anthropogenic activities including agricultural 
nin-off, septage and sewage discharge from ground water input and from atmosphere, 
and may stimulate the growth of phytoplankton, which has been associated with low 
D.O. content declining fish and shellfish stocks, increased frequency of toxic algal 
blooms and other ecosystem alterations. 
Nitrogen (N), being an essential component of short chain peptide and amino 
acid, is the major constituent of organisms and, hence, plays an important role in 
biological productivity of aquatic ecosystems. The oxidized form of inorganic 
nitrogen is nitrate-nitrogen, which is one of the major nutrients necessary for the 
formation of chlorophyll (Rodhe, 1948). Nitrogen is a highly mobile nutrient and has 
a complex nutrient cycle in terrestrial and aquatic ecosystems (Kumar, 1997). The 
major sources of nitrogen input to any water body are both allogenic (atmospheric 
nitrogen diffusion, precipitation, surface run-off and drainage) and autogenic 
(decomposition of organic matter and nitrogen fixation by certain blue-green algae or 
bacteria). Among cyanobacteria, Anabaena, Nostoc and Spirulina are known to be the 
most promising nitrogen fixers in almost all kind of waters (Singh et al. 1986; 
Tandon et al. 1988). Nitrogen is also taken from the terrestrial system depending upon 
the type of vegetation, which are highly retentive of nitrogen (Dodds et al. 1996) and 
from the cultivated land surrounding the water body where nitrogen fertilizers are 
used. Nutrient enrichment causes algal growth and ultimately good aquaculture \ield. 
In aquaculture, nitrogen is supplied from artificial and natural diets. Nitrogen to 
phosphorus (N : P) ratio can influence phytoplankton structure and biomass 
(Mc Cauley etal., 1989; Molot and Dillon, 1991). But, excess enrichment causes 
overproduction (eutrophication), which alters the hydrology and ultimately affects the 
ecologically sensitive fauna and lessens the biodiversity (Mohanty, 2000). 
Nitrate is one of the most stable forms of nitrogen, which enhances the growth 
of plankton, their density and primary production (Parida etal. 1999). Unpolluted 
freshwater bodies have low values of nitrate-nitrogen (NO3-N) than polluted 
freshwaters. Reid (1961) and Liken (1975) described a lake as eutrophic when its total 
nitrogen content exceeds from 1.5 mg/L. Nitrogen pollution not only alters the water 
quality or has a toxic effect on resident biota (Barg, 1992), but also influences the 
primary productivity, growth of aquatic weeds, benthos, epiphytes and toxic algae. 
Sufficient pjirt of unutilized nitrogen is also lost in the sediments, which alters the soil 
nutrient status and benthic community structure (Mohanty, 2000). 
Ammonia-nitrogen, another nitrogenous compound, is the primary form of 
mineralized nitrogen in most of the flooded wetland soils (Mitsch and Gosselink. 
1986). It is always present naturally in surface waters and domestic sewage (Bhart 
etal. (1999). It is produced largely by ammonification of organic nitrogen through 
decay causing ammonifying bacteria and hydrolysis of urea (Odum, 1971). Selected 
algal species are endowed with nitrogenase enzyme complex that allows the fixation 
of atmospheric nitrogen directly to ammonia (Baker and Herson, 1994). 
Goldman and Home (1983) recorded 20.0-30.0 mg/L NH3-N in the receiving 
water at sewage outfall. Higher amounts of ammonia are mainly due to aerobic 
decomposition of bottom organic matter. Wetzel (1983) stated that ammonia is 
generated by heterotrophic microbes as a primary product of decomposition of 
organic matter either directly from proteins or from organic compounds. Increasing 
protein feed in aquaculture ponds may lead to better growth of cultured species but it 
will also give rise to a higher regeneration of ammonia by heterotrophic bacteria, in 
case C : N ratio are not taken care of (Mohanty, 2000). NH3-N provides a source of 
recycled nitrogen for speedy growth of phytoplankton and large aquatic plants when 
other forms are exhausted (Goldman and Home, 1983). Ammonia values more than 
1.0 mg/L are said to be due to organic pollution (Reid and Wood, 1976). However, 
higher concentrations of NH3-N in the water column have been reported to be toxic to 
many aquatic animals. For example, level of > 1.0 mg/L NH3-N in Ohio stream has 
negative impact on the fish communities (Miltner and Ranken, 1998). Negative 
impacts on aquatic life, related to stimulation of algal biomass by increased nutrients 
are subtler as; system become more productive, different species of algae may become 
more competitive and species composition can shift (Kelly and Whitton, 1995; Pan 
e/a/., 1996; Kelly, 1998). 
Nitrite is an unstable intermediate product in nitrogen cycle, which is formed 
due to incomplete bacterial oxidation of organic nitrogen. Nitrites occur widely but 
generally at much lower levels as it is mineralized fairly depending upon the activity 
of micro-organisms (Shwoerbell, 1991). It is found to be present in freshwater bodies 
from 0.0 to 0.14 mg/L, and can go up to 2.0 mg/L in polluted waters (Goldman and 
Home, 1983). It can increase considerably in anoxic regions of stagnant lakes 
(EIFAC, 1984) and streams receiving industrial effluents (Russo et al, 1974). 
Organic nitrogen is converted into NH3-N and then into nitrite-nitrogen depending 
upon chemical and biological conditions prevailing in water. The concentration of 
NO2-N in any water body mainly depends upon the relative abundance of nitrifying 
and denitrifying activities. It is formed during nitrification of NH3 through nitrifying 
bacteria {Nitrosomonas). Sometimes, nitrates are also converted into nitrites through 
the process of denitrification in the presence of certain denitrifying bacteria, like 
Pseudomonas. These bacteria can use the energy of the nitrate ions to derive their 
metabolism, and in doing so, they break the nitrate down to nitrite (Verma and 
Agarwal, 1998). In newly constructed circulating systems where the rate of bacterial 
nitrification is initially slow, nitrite concentrations can rapidly increase to very high 
levels (Liao and Mayo, 1974; Collins el al., 1975). 
Silica is an essential nutrient for diatoms, which build their frustules of this 
glassy material (Cole, 1983). Diatoms are known to utilize largest quantities of silica 
in the form of orthosilicic acid, Si(0H)4 (Saha, 1993). Silicon is also found to be 
present in the frustules in the form of hydrated amorphous silica, Si02. nHaO (Lewin, 
1961; Goldman and Home, 1983). Silica does not occur in nature as a free element. 
Natural waters commonly contain silicon dioxide in some form of soluble silicates. It 
may also occur in certain waters, particularly in streams, in colloidal form. River 
water is generally rich in silica (Welch, 1952). Its main source in freshwaters is 
weathering of extremely abundant feldspar rocks (Cole, 1983). Unlike N or P, 
dissolved silicates input arise primarily from weathering reactions and, with our 
present knowledge, alteration of the weathering input have not been greatly impacted 
by man's activities (Conley, 2000). The retention of silica in the water bodies has 
been reported to be greatly increased with the process of eutrophication (Conley et ai, 
1993). In rivers and lakes, silica ranges from 2.0 to 25.0 mg/L, and usually expressed 
as silicon dioxide, Si02 (Cole, 1983). Trivedy and Goel (1984) reported a range for 
silicate as 1.0 to 30.0 mg/L in different waterbodies, while thermal spring may have 
up to 100.0 mg/L (Saha, 1993). Some of the silica frustules lost in the sediments and 
remainder are regenerated slowly from the sediments and incorporated in some 
subsequent diatom bloom. The release of dissolved silicate from the regeneration of 
diatom frustules is also a temperature dependent process (Conley, 2000). The highest 
concentration of dissolved silicate often observed in estuaries during summer (Conley 
and Malone, 1992), which brings high concentration back into overlying waters 
creating an internal source of nutrients making it less likely that silica will be limiting 
in estuaries during summer (Conley, 2000). Prowse and Tailing (1958) in his work on 
Nile River have reported that few diatoms (eg. Melosira sp.) cause depletion of silica. 
Lewin (1954) and Tailing (1957) studied the relationship of silicates with that of 
Nitzschia sp. and found an inverse relationship, while Sarkar and Rai (1964) did not 
find any correlation between Silica content and diatom number. 
Several more recent studies have examined the role of dissolved silica in 
regulating phytoplankton composition and its impact on diatom in food web dynamics 
(Doering etal., 1989; Dortch et al, 1992; Egge and Aksenes, 1992). Ecosystem 
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changes, that may occur with changes in the bro^60;^emicaEiy6Hng of silica with 
eutrophication, include changes in species composition and food web dynamics. Role 
of increased frequency of toxic and naval algal blooms and altered nutrient cycling 
have been discussed by Conley el al. (1993). 
Silica depletion hypothesis formulated by Schelske and Stoermer (1972) rests 
on two major assumptions: 
i) that increased nutrient loading causes an increase in phytoplankton 
production, specially diatoms, and 
ii) that some fractions of diatom produced are permanently lost from the 
water column and sequestered in the sediments. The ultimate effect is 
depletion of water column dissolved silica concentration. 
Silica depletion due to increased phosphorus enrichment in context to diatoms 
and phytoplankton has been reported by various workers (Conley etal., 1993). The 
addition of phosphorus stimulates the growth of diatoms which utilize more silica as 
their population increases. The amoimt of silica utilized in the photic zone is a 
reflection of the trophic status of the water body. The increase and decrease of diatom 
population appears to be closely related to variation in silicate content including 
dynamics of silicate usage in surface waters. Seasonal uptake by diatoms is well 
known from the classical studies of the English lake District (Reynolds, 1984). 
Considerable information is available on the silicate content and its utilization by 
diatom and other algae in surface waters from various workers (Lewin, 1961; 
Hutchinson, 1967; Schelske and Stoermer, 1972; Schleske, 1985a, b, 1988, 1991; 
Conway etal, 1977; Schleske etal, 1986; Yousuf era/., 1986; Saha, 1993; Kumar, 
1995; Narendra Rao and Mahmood, 1995; Sabu and Aziz, 1996; Paul and Verma, 
1999). 
METHODOLOGY 
Inorganic phosphorus (PO4-P) was estimated by ammonium molybdate-blue 
method using stannous chloride (SnCb) as an indicator (Barnes, 1959). 
Ammonia-nitrogen (NH3-N) was estimated by the Nesselerisation method as given 
in Barnes (1959). Nitrate-nitrogen (NO3-N) was determined following the 
phenol-disulfonic acid method (Theroux etal., 1943 and Trivedy and Goel, 1984). 
Nitrite-nitrogen (NO2-N) was estimated following the method given by Trivedy and 
Goel (1984). Silica content of the water was estimated by the silicomolybdic acid 
(Ammonium Molybdate- yellow) method (Barnes, 1959). 
RESULTS AND DISCUSSION 
Phosphate-phosphorus of these ponds showed considerable monthly 
variation (Table 5; Fig. 5). Its concentration ranges from 0.27 to 1.91 mg/L during the 
course of study. These waterbodies showed minimum values recorded in the month of 
February, 2000 in ponds I & II and in November, 2000 (pond. III) and maximum 
during summer, 2000. Maximum concentration was recorded as 1.74 mg/L for pond I 
and II (April, 2000) and 1.91 mg/L for pond III (June, 2000). 
Generally, phosphates showed higher values in all the seasons except winter 
(Table 5). Various environmental factors such as temperature, pH and redox condition 
can influence phosphorus cycling (Forsberg, 1989). The major supply of phosphorus 
in these water bodies comes from agricultural areas, incoming domestic waste, 
detergents used by washermen and animal excreta during cattle washing. The basin 
sediments serve as major trap of nutrients from where they get released into the 
overlying water column due to increase in temperature. 
During summer season, phosphate content was highest and found to be related 
with dry wann and high wind speed causing evaporation and decrease in water level 
which affect concentration, and due to release of nutrients during decomposition at 
high temperature (Chourasia and Adoni, 1985). Singhal et al. (1986), Kant and Raina 
(1990), Prasad (1990) and Kaushik etal. (1991b) have also reported higher 
concentrations during summer and gave similar reasons. Kumar and Gupta (2002) 
found higher values of phosphates during summer months in a water body at Dumka, 
Bihar and they attributed it to increased solar radiation which might have encouraged 
the biological degradation of organic matter and subsequent release of more 
phosphates. Low values during winter months and also during some other months 
might be due to several factors such as utilization by macrophytes and algae for 
growth, sedimentation in the form of ferric complexes in bottom soil, low calcium 
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level in water and low water temperature as also reported by Seenayya (1971), Khan 
and Siddiqui (1974), Sarkar (1989) and Kaushik et al. (1989). 
In general, pond III showed higher concentration, which might be due to the 
addition of detergents by washermen. According to Boyd (1970), surfactant 
detergents are the source of phosphate enrichment of water because different forms of 
phosphate are chief constituents of commercial cleaning preparations and 
orthophosphates applied to agriculture as fertilizers run-off. 
Increased application of fertilizers, use of detergent and domestic sewage play 
great role in contributing heavy loading of phosphorus. Moreover, increase and 
decrease of phosphate phosphorus in the water bodies mainly depend upon the 
adsorption of phosphorus by the pond bottom soil and other sediments where it is lost 
from circulation within the available pool of phosphorus (Boyd, 1995), and released 
by microbial activity during decomposition at high temperature and at high pH 
(Boers, 1991), Nixon et al. (1980) have found higher concentration of P in estuaries 
during summer months corresponding to a strong temperature dependent release of P. 
In the present study, a correlation analysis was made between temperature and 
phosphorus. A positive relationship (Table 10; Fig. 22) was obtained for all the pond 
(pond I: r = 0.328; pond II: r == 0.331; and pond III: r = 0.794). Besides temperature, 
phosphate concentration at any given time is also dependent upon the amount of 
sewage containing phosphates that water body receives. 
Jensen et al. (1995) have reported that much of the phosphorus release occurs 
during summer and is associated with changes in iron cycling with sulphate reduction. 
When sulphate reduction rates are low, there is a seasonal storage of phosphorus in 
sediments occurring during winter and spring mainly as iron associated phosphorus. 
They have also reported that phosphorus, accumulated during winter and spring, is 
subsequently released when the temperature dependent sulphate reduction rate 
increased. 
These water bodies can be considered eutrophic because the range for their 
phosphate content is well above the range (0.003 to 0.03 mg/L) as given by Sinha 
(2001) for eutrophic water bodies. Elevation in phosphate content up to 0.30 mg/L 
approximately triggers the process of deterioration in water quality with gradual 
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increase in micro-photosynthetic community, and further increase results in a 
state-causing nuisance for economic exploitation in the small water bodies. 
The concentration of ammonia-nitrogen recorded during the present 
investigations ranged between 0.013 to 0.141 mg/L (Table 5; Fig. 6). Maximum 
values were recorded during June, 2000 (0.141 mg/L), August, 2000 (0.140 mg/L), 
and April, 2001 (0.121 mg/L) in ponds I, II, III respectively. Minimum values were 
recorded during winters in the month of January, 2001 (0.018 mg/L in pond II and 
0.013 in pond III) and February, 2001 (0.021 mg/L in the pond I). 
Generally, high concentrations of NH3-N were recorded during late summer 
and monsoon months in all the ponds (Table 5). It started increasing in May, 2000 and 
remained almost same till August, 2000. It was found to be associated with higher rate 
of decomposition of dead and decayed organisms and the amount of sewage enter in 
these water bodies. Pond II showed higher concentrations of ammonia-nitrogen 
(NH3-N) during monsoon months with a maximum concentration in the month of 
August, 2000 which can be attributed to large input of organic matter from the large 
catchment area during rainy season. Higher values during summer months were also 
reported by Seenayya (1971) and Haque (1991). All these water bodies showed lower 
values of anumonia-nitrogen during winter months. It is because of the fact that 
bacterial activity is slowed down at low temperature causing inhibition of 
decomposition activity and, so, release of NH3-N is retarded. It might also be due to 
direct utilization of ammonia-nitrogen by phytoplankton during the period. Paul and 
Verma (1999) have also reported high ammonical nitrogen during summer, and low 
during winter in a tropical water body. They attributed it to the increase and decrease 
in temperature during summer and winter respectively and to direct utilization of 
ammonia-nitrogen by phytoplankton as also pointed out by Rao and Govind (1964). 
According to Gambrell and Patric (1978), summer and monsoon increase in NH3-N 
level was due to nitrogen mineralization, which refers to biological transformation of 
organically combined nitrogen to ammonia-nitrogen during degradation of organic 
matter. A correlation analysis was also carried out between NH3-N and temperature 
that showed a strong positive and significant correlation (pond I, r = 0.694; pond II, 
r = 0.673; pond III, r = 0.675) (Table 10; Fig. 23). 
Seasonal fluctuations in nitrate-nitrogen in the surface waters of the studied 
ponds are given in Table 5. Generally, higher concentrations of NO3-N were noted 
during summer and monsoon months with highest values, 0.21 and 0.20 mg/L (June, 
2000), in ponds I and II respectively. Pond III also showed higher values during 
summer and it reached to its maximum, 0.23 mg/L, during August, 2000. Besides this, 
all the three ponds showed low concentrations during winter months (0.10 mg/L, 
0.05 mg/L and 0.06 mg/L in the months of February, 2001, December, 2000 and 
February, 2000 in ponds I, II, III respectively). 
In the present ponds, concentration of nitrate-nitrogen depends on both 
external source (surface run-off, atmospheric precipitation, ground water discharge 
and drainage etc.) and internal source (decomposition of organic matter and through 
nitrogen fixers etc.). 
The higher values during summer might be attributed to increased rate of 
decomposition of organic matter at high temperature as well as higher rate of 
evaporation in these shallow water bodies. Comparative higher values during 
monsoon months in all these ponds might be due to surface run-off and application of 
fertilizers in the surrounding agriculture fields (Cerco, 1986; Radheyshyam and Naik, 
1988; Dhendup and Boyd, 1994). The month with the highest amount of rain is the 
period of significant external nutrient loading, which could induce phytoplankton 
production. Precipitation of rain and dust has been reported to be the most important 
abiotic sources of nitrate-nitrogen in lake Tanayeka (Langerberg and Nayamushanu, 
1997). Kumar and Gupta (2002) have also found higher concentrations of NO3-N in 
summer and monsoon months. Pond III showed higher values during monsoon 
months (August, 2000), which might be due to influx of nitrogen rich floodwater that 
brings large amount of contaminated sewage water containing appreciable amount of 
nitrogen. Higher values during monsoon month were also reported by Kumar and 
Gupta (2002) in certain water bodies where source was allogenic. 
Kaushik and Saksena (1999) have reported higher values of NO3-N during 
summer and monsoon months and lowest during winter in certain water bodies of 
central India. Vyas and Kumar (1968), Chaurasia and Adoni (1985) have also 
observed similar seasonal patterns of NO3-N. Sylvester (1961) stated that 
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nitrate-nitrogen moves rapidly through the soil with drainage water and is influenced 
mainly by biological factors. 
Nitrite-nitrogen followed a peculiar trend of minima and maxima in these 
waterbodies, (Table 5; Fig. 6). Higher values were recorded during summer and 
post-winter months (February- May, 2001) in pond I, during summer and monsoon 
months in pond II and during winter and summer months (January- May, 2001) in 
pond III. Nitrite-nitrogen concentrations ranged from 0.03-0.58 mg/L, showing 
maximum values 0.58, 0.23 and 0.33 mg/L during May, 2001, August, 2000 and May, 
2001 in ponds I, II and III respectively, whereas the minimum values, 0.34 mg/L 
during March and November, 2000, 0.03 mg/L during April, 2001 and 0.08 mg/L 
during Februajy, 2000 were recorded in ponds I, II and III respectively (Table 5). 
Nitrite nitrogen showed almost similar trend as followed by NH3-N and NO3N 
(Table 5). Meybeck and Helmer (1989) observed that natural waters generally show 
trace levels of NO2-N with peak values ranging from 25 to 50 |ag/L. Higher values of 
nitrite-nitrogen, in these water bodies, are mainly due to the action of certain 
nitrifying bacteria {Nitrosomonas) on ammonia, which is released during the 
decomposition of green aquatic organisms including both phytoplankton and 
macrophytes. Several workers (Qadri and Yousuf, 1980; Goel etal., 1986; and 
Kaushik et al, 1991b) have reported higher nitrite-nitrogen levels during warmer 
months. Contrary to this, Gaur (1998) has reported lower concentrations during 
summer months in a leachate water body reasoning its utilization by green aquatic 
organisms as nitrogen source. Wetzel (1975) has also reported lower values during 
summer caused by the conversion of NO2-N into NO3-N by the action of certain 
nitrifying bacteria (Nitrobacter). Bharti and Hosmani (1975) attributed lower levels of 
nitrites to utilization by phytoplankton and other green biota. 
The utilization of NO2-N by green aquatic organisms is evident from the 
negative correlation obtained between phytoplankton and NO2-N in pond I (r = -0.352 
and pond II (r ~ -0.107). However, pond III showed a positive and significant 
correlation betv/een phytoplankton and NO2-N (r = 0.717) (Table 10; Fig 24). 
Seasonal fluctuations in silica content of the water bodies under study are 
given in Table 5 (Fig. 5). Pond I showed a range of 0.216 -L310 mg/L with maximum 
60 
values during June, 2000 and minimum during February, 2001. Higher silica content 
was observed during summer and monsoon months as compared to rest of the months. 
In pond II, silica content varied from 0.077 to 1.196 mg/L, showing minimum 
concentration during November, 2000 and maximum during August, 2000. Pond III 
showed an increase in silica content from April, 2000 reaching to a maximum value 
of 0.450 mg/L in June, 2000. Later, its concentration showed increase and decrease 
till it reached to its minimum (0.160 mg/L) during February, 2001 (Table 5). 
Silica content of natural waters, depends upon the nature of the host rocks, 
physical and chemical characteristics of water including temperature, carbon dioxide, 
bicarbonates, rate of evaporation of water, rains and decomposition of organic matter 
(Hutchinson, 1957; Seenayya, 1971; Conway et ai, 1977). Jana and Sarkar (1971) 
have reported entry of dissolved silica into the water in huge amounts from the 
sources of thermal springs. 
In Indian fresh waters, silica concentration varied from 0.0 to 42.0 mg/L 
(Ganapati, 1956; Vyas and Kumar, 1968; Sreenivasn, 1970, 1972; Jana and Sarkar, 
1971; Seenaj^a, 1971; Khan and Siddiqui, 1974; Zutshi and Vass 1978; Mohan 1987; 
Ramanibai and Ravichandran, 1987 and Kant and Raina, 1990). Cole (1983) reported 
concentration of silica in inland water bodies ranging from 0.1 to 4000 mg/L 
representing the extremes from snow melt to hot springs. He also reported silica in 
rivers and lakes commonly ranged between 2.0 to 25.00 mg/L. River waters have 
been reported to be rich in silica content (Welch, 1952). The world average 
concentration for dissolved silica (Si02) in rivers is 13.0 mg/L (Goldman and Home, 
1983). The average of groundwater is somewhat higher than that of surface drainage 
(Davis, 1964). 
High concentration of silica during summer and monsoon months in pond I 
and pond III seems to be due to increased water temperature, higher evaporation and 
decomposition rate as also suggested by Welch (1952) and later on by several other 
workers (Khan and Siddiqui, 1974; Ramanibai and Ravichandran, 1987 and Mohan, 
1987). 
Occurrence of low silica during winter season and some other months of the 
present study was found to be related with their continuous utilization by 
phytoplankton, specially diatoms and certain macrophytes present in the water body, 
and less decomposition activity because of low water temperature and higher 
sedimentation rate (Ganapati, 1956; Kilham, 1971 and Cole, 1983 and Saha, 1993). 
Wetzel (1983) has also reported utilization of silica by certain aquatic macrophytes 
(eg. Equisetum) and freshwater siliceous sponges. A coefficient of correlation was 
calculated between diatoms and silica. It was found to be strongly positive (Table 10; 
Fig. 26) in the case of ponds I and II and positive but insignificant in pond III. 
Addition of silicate particles from the surroundings alongwith surface run-off during 
seasonal and non seasonal rains (June-August, 2000 and October, 2000-January, 2001 
in pond I, July-October, 2000 in pond II and May- July, 2000 and 
November-December, 2000 in pond III) was also found to increase the silicate level in 
these water bodies. Vyas and Kumar (1968), Jana and Sarkar (1971) and Ramanibai 
and Ravichandran (1971) have also reported similar observations. Higher values of 
dissolved silica during summer might be associated with the release of dissolved 
silicates from the regeneration of diatom frustules at high temperature, which is also a 
temperature dependent process (Conley and Malone, 1992). They have reported 
highest concentration of dissolved silicates in estuaries during the summer. According 
to Conley (2000), summer brings high concentration back into overlying water 
creating an internal source of nutrients making it less likely that silica will be limiting 
in estuaries during summer. Statistically, silica showed positive correlation with 
temperature (pond I, r = 0.549; pond II, r = 0.462 and pond III r = 0.551) (Table 10; 
Fig. 25). This proves the fact that concentration increases at higher temperature within 
the range found in freshwaters (Wetzel, 1983). Jindal and Kumar (1993) have found 
higher values of silicates during summer months due to low water level and increased 
evaporation rate at high temperature. 
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BIOLOGICAL CHARACTERISTICS 
All natural waters contain a variety of organisms, both plants and animals as 
natural fauna and flora (Kumar and Gupta, 2002). Biological organisms are diagnostic 
in determining the health of an aquatic ecosystem (Loeb, 1994). Aquatic organisms 
react to the totality of the inputs both, in terms of the variety of chemicals present and 
the range of their concentrations (Vass, 2000). Hence, the plant and animal 
community in a water body represents the sum of the prevailing conditions. Any 
alteration in physico-chemical conditions of an ecosystem is reflected by changes in 
community structure and functions. In recent years, there is a wide spread recognition 
that chemical monitoring alone is not enough, and the pollution is essentially a 
biological phenomenon because the impact is on the living organisms. Biological 
indicators (e.g. different species) and indices (e.g. saprobic index, extended biotic 
index. Diatom index) represent an essential tool in programs of ecological 
surveillance, particularly if they can detect or even anticipate the negative effects of 
pollution. Hence they provide a measure to evaluate environmental health and can be 
used as the basis for protection of species and trophic complexes characteristic of the 
high degree of functional quality of healthy ecosystem (Ghetti, 1980). Biological 
assessment, considered from taxonomical or a functional point of view (DePauw, 
1988), is based on bio-indicators, which may consist of several groups of 
micro-organisms, like bacteria, fiingi, micro-algae, macrophytes, protozoans, insects, 
molluscs, worms cind fishes. A large number of systems have been used (Leibman, 
1962; Palmer, 1969) to monitor pollution using aquatic organisms. Biological 
monitoring cannot yet completely replace chemical monitoring, where detail 
inventories of pollutants are required (Vass, 2000). Biological and physico-chemical 
methods are complimentary, as these provide different sorts of information's. Hence, 
both are needed for full assessment (Descy and Empian, 1984). According to Pai 
(2002), biological approaches are complementary to chemical approach and it has 
become necessary to detect and assess impact through examination of biota. Thus 
making it worth restating the case of biological approach within water quality 
managemenl; and the value of community approach within the context of wide range 
of biological tool (Wright et al, 1994). 
Studies on the ecology of plankton of any water body are very helpful to know 
its general economy and to understand the basic nature of a given water body. The 
term plankton was first proposed by German Marine biologist, Henson (1887) to 
designate that heterogeneous assemblage of minute organisms and finely divided, 
non-living materials then known to occur in the water of the sea which float freely, 
and involuntarily at the will of waves and other water movements (Welch, 1952). In 
other words plankton community is a mixed group of tiny plants and animals floating, 
or feebly swimming in the water mass (Cole, 1983), In general, plankton is a 
kaleidoscopic spectrum of organisms with representative from almost all Phyla of 
animals and thousands of non-flowering plants (algae and bacteria), all drift around 
rubbing their shoulders as a plankton community. 
All v/aters are known to be characterized by quantitative and qualitative 
fluctuations in plankton population as these organisms vary qualitatively and 
quantitatively with depth, size, time and season. These organisms also differ 
according to the source of water, its organic and inorganic contents and geological 
and climatic factors (Chaurasia and Adoni, 1985). Plankton investigations in some 
water masses are reported to be so rhythmic and seasonal that one can presume their 
level of occuiTcnce by simply seeing the clock and calendar. A host of environmental 
parameters like physico-chemical, morphometeric and hydrographic features of a 
water body determine the rate of plankton production. Rapid industrialization and 
urbanization after the Second World War have been largely responsible for nutrient 
enrichment in large number of inland water bodies (Jana, 2001). The increased 
nutrient loading results in the accumulation of biomass (Malone etal, 1986), which 
causes detrimental effects on the health of ecosystem. Increased nutrient loading also 
causes noxious bloom formation, reduction in aquatic macrophyte communities (Sand 
Jensen and Borum, 1991; Duarte, 1995) and depletion of oxygen in bottom waters 
(Malone etal. 1986). Further, the occurrence and distribution coupled with the 
environmental requirements make the plankton species as indicators of trophic status 
of a water body (Jarnefelt, 1952, 1956; Davis, 1961, 1964; Lund, 1962; Pattens 1962; 
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Jamefelt et al, 1963; William, 1964; Patalas and Patalas 1966; Patalas, 1972; Tundisi 
and Tundisi, 1976; Jumpanen, 1976; Kaul et al, 1978; Kaul and Pandit, 1979, 1981; 
Pandit, 1980, 1999; Schubert, 1984; Lang, 1985). The importance of structure of 
aquatic communities in water quality monitoring has been studied earlier by various 
workers (Strom, 1927-28 and Pearsall, 1932). Later on several workers have made 
important contributions, notable among them are Prescott (1951), Cairns et al., 
(1972), Gunale, (1991), Agrawal et al, (1995) and Raju and Durani (1996). 
The species assemblage of phytoplankton and zooplankton are also useful in 
assessing the water quality. Because of their short life span, plankton respond quickly 
to environmental factors and hence their standing crop and species composition are 
more likely to indicate the quality of the water mass in which they live. Certain taxa 
often are useful in determining the origin or recent history of the water body. 
A biologist records an unexpected depression in the diversity of the biological 
commtmities, as some missing species are known to be especially sensitive to certain 
parameters (pollution) and act as indicators (Sinha, 2001).Gunale (1991), Baruah and 
Bardoli (1993), Baruah and Das (1998), Meshram and Dhande (2000) and many 
others have indicated that plankton may be used as reliable tool to assess the pollution 
status of aquatic bodies. 
Different workers have studied seasonal variations in plankton from 
freshwaters of India long back, but systematic studies started lately. The important 
contributions come from Chacko and Krishnamoorthy (1954), Das and Srivastava 
(1956), Singh (1962), Sreenivasan (1964), Zafar (1964, 1967), George (1966), 
Munawar (1972, 1974), Khan and Siddiqui (1974), Krishnamoorthy et al. (1978), 
Trivedy et al. (1985), Sharma (1987, 1990, 1991, 1995, 1996, 1997, 1998, 2000, 
2001) and Shajma and Sharma (1990,1997,1999). 
All ecosystems are provided with the capacity to build primary organic 
compounds from inorganic substances at the expense of the external radiant energy 
(Paul and Verma, 1999). The evaluation of primary productivity of any standing water 
body is an imperative in understanding its ecological status. Phytoplankton are the 
chief contributors to total photosynthetic production in any aquatic ecosystem, for it 
has become necessary to evaluate the primary production in a given water body. 
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Primary production is based on the biochemical process of photosynthesis. This 
process comprises of two partial reactions: 
1. Light Reaction 
In which absorption of light energy by specific cell pigments and its 
conversion into the chemical energy of ATP and NADPH takes place. 
2. Dark Reaction 
With NADPH and ATP as energy sources, where CO2 is reduced to form 
glucose, while, simultaneously, NADPH is reoxidized to NADP"^ , and ATP is broken 
down to ADP imd inorganic phosphates. 
In the study of primary production, gross primary productivity (GPP, which 
reflects the rate of transformation of radiant energy to chemical energy and is the total 
production, i.e. production as well as respiration), net primary productivity, (NPP, 
which is the net production after respiration) and the community respiration (CR, 
which reflects the rate of loss of fixed energy in respiration) are of interest. Organic 
matter is accumulated when GPP exceeds CR. NPP can be used as an index of 
secondary productivity (Brylinsky, 1980). 
Assessment of the primary productivity of a waterbody permits some 
estimates regjirding expected trends of change in productivity under changing 
conditions, and is a prerequisite for the rational management of inland water bodies. 
The primary productivity can be best studied with the data on the production 
controlling factors including both abiotic and biotic factors. Several workers in the 
past have paid attention towards the influence of these parameters on the primary 
production. The factors that influence the primary production are the amount of 
available light, temperature and concentrations of essential nutrients, like phosphorus 
and, in special sense, silica are generally regarded as the most critical nutrients for 
organic productivity in lakes (Shleske and Stoermer, 1972, Schindler and Fee, 1973, 
1974; Fee, 1978, 1979). The influence of nitrogen was studied by Moyle (1956), 
Hrbaeck (1969) and Goldman and Home (1983); the effect of alkalinity and 
phosphorus was studied by Wetzel (1975); the effect of total nitrogen, total 
phosphorus, conductivity, phytoplankton and chlorophyll was studied by Khan and 
Siddiqui (1971), Datta and Choudury (1984) and Basheer (1991); and the effect of 
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pH, free CO2 and alkalinity was studied by Ayyappan and Gupta (1981). Robarts 
et al. (1992) measured a wide range of environmental variables known to influence 
primary production in fresh and marine waters (Harris, 1978, Reynolds, 1984) 
including algal biomass, and species composition, underwater light, climate, nutrient 
concentrations and water temperature. They made statistical analyses to identify the 
effects of these factors on productivity. Primary productivity and its correlation with 
certain selected physico-chemical parameters (pH, D.O. CO2, chloride, TA etc.) and 
different groups of algae were made by Verma and Mohanty (1994). Besides these, 
considerable work has been done on the primary productivity of aquatic ecosystems, 
like Steeman Neilsen, (1958, 1963), Strickland (1958, 1960), Goldman (1960), 
Goldman and Wetzel (1963), Tailing (1965), VoUenweider (1969), Vijaya Raghawan 
(1971), Thompson (1976), Fee (1978, 1979) Rai etal. (1980), Khan etal. (1988), 
Laal (1989), Sinha etal. (1990), Rai and Sharma (1991), VijayKumar etal. (1991) 
Pati and Sahu (1993), Gupta and Sharma (1994), Singh and Sinha (1994), Vijaykumar 
(1994), Panday et al. (1995), Dodds and Welch (2000), Harikrishnan and Aziz (2000), 
Mishra and Nayak (2000), Kumar (2001) and Bohra and Kumar (2002). 
Planktonic primary producers, which are one of the fundamental units of 
aquatic communities, are the major source of labile organic carbon. It is well known 
that chlorophyll-a is present in almost all the groups of phytoplankton and higher 
plants, and is frequently used to predict phytoplankton biomass and nutrient 
conditions of a water body. Alongwith an energy related variable, it constitutes a good 
estimator of primary production (Brylinsky and Mann, 1973). Phytoplankton primary 
productivity £ind chlorophyll biomass along with related biotic and abiotic parameters 
could be used as indicators of trophic status and fishery resources potential of a water 
body. In tropical waters, productivity and chlorophyll a biomass have been 
investigated by Sreenivasan (1963, 1972, 1976), Khan and Siddiqui (1971), Melack 
(1980). Dokulil etal. (1983), Comita (1985), Silva and Davies (1987), Khan etal. 
(1988), Basheer (1991), Banerjee and Mukherjee (1990), Haque (1991), Kondhker 
and Kabir (1995) and many others. 
67 
METHODOLOGY 
For phytoplankton analysis, monthly water samples (500 ml) were collected 
from each water body. To each sample, 5 ml of Lugol's iodine solution (Edmondson, 
1959) was added. After keeping it for 24 hours the supernatant was discarded and 20 
ml concentrate was obtained. Qualitative and Quantitative analyses of this 
concentrate were made using an inverted microscope (Metzer). For making 
qualitative analysis, information given by Edmondson (1959) and Needham and 
Needham (1962) were utilized. For making quantitative analysis, counting were made 
by putting one drop of concentrate (0.02 ml) on a slide and observing the contents 
under inverted microscope using Whipple ocular micrometer. The results were 
obtained by recording the niunber of organisms per ml of water following Welch 
(1952). In the case of colony forming phytoplankton, like Microcystis (Anacystis) and 
Nostoc, their colonies were counted. 
For zo>oplankton analysis, monthly samples were collected from each water 
body. Every time 100 litres of water was filtered by passing it through plankton net 
made up of bolting silk cloth having mesh size of 30 |in, taking care that water was 
not disturbed much during the operation. Samples were then washed out into wide 
mouth bottles and were preserved by adding 5% formaldehyde solution to them. 
Further analysis was done by putting 1 ml of the fixed sample on a Sedgewick-Rafter 
cell, and studying it under an inverted microscope (Metzer). Counts were made as 
number of zooplankton per litre of water sample. Three counts of the 
above-mentioned analysis of the fixed samples were made and their mean was taken 
as the monthly count of plankton. For qualitative analysis, the information's given in 
Edmondson (1959), Needham and Needham (1962), Permak (1978) and Tonapi, 
(1980) were utilized. For most of the organisms encountered, the identification was 
made up to generic level. But, wherever taxonomic evaluation of organisms was 
possible, it was done up to species level. 
The studies on the primary production were carried out on monthly basis for 
16 months from February, 2000 to May, 2001. Primary production was estimated by 
observing the post-incubation changes in dissolved oxygen concentrations in the 
water collected from sampling sites in light and dark bottles following the method of 
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Gaarder and Gran (1927). The same methodology was later on adopted by many 
workers (Steeman Nielsen, 1963; Strickland and Parsons, 1968; Wetzel and Likens, 
1979; APHA, 1992). For each seasonal reading, six samples of water were collected 
from a given site. The sample size was restricted to 250 ml of water taken in a 250 ml 
capacity glass stoppered bottle. Sampling was done from the surface of each water 
body. These samples were taken in two successive batches. In the first batch water 
was collected in two light bottles and was analysed immediately for dissolved oxygen 
(DO). The mean of these two readings was taken as the initial value of the dissolved 
oxygen in 250 ml sample collected in first batch. In the second batch, collection of 
water was made in four bottles, two of which were light and two were dark. They 
were stoppered immediately and were allowed to incubate for a period of 4 hours 
before they were subjected to analysis for D.O. concentrations. During the period of 
incubation they were kept submerged under water at the same place from where water 
was taken for the analysis of initial D.O. Like the case with the sample collected in 
batch I, here also the mean value of the readings of the two light bottles was taken as 
representative of 250 ml sample incubated in light bottles, and the mean value of the 
readings obtained for the two dark bottles was taken as a representative for sample 
incubated in dark bottle. The primary production was then calculated as under: 
i) Gross primary production = light bottle D.O.-dark bottle D.O. 
ii) Net primary production (NPP) = light bottle D.O.-initial D.O. 
iii) Community respiration (CR) = Initial D.O. - dark bottle D.O. 
The carbon values were then obtained from the oxygen values collected as 
GPP, NPP and CR by multiplying with a factor 12/32 (i.e. 0.375) considering that one 
mole of O2 (32g) is released for each mole of carbon (12g) fixed (APHA, 1992). 
Chlorophyll-a, which is a measure of productivity, was estimated by filtering a 
500 ml sample of water through Whatman filter paper No. 41. The filter paper 
containing the phytoplankton residue was then put in a small beaker of suitable size 
and was then kept in 8.0 ml of 90% Acetone. 0.2 ml of magnesium carbonate 
(MgCOs) suspension was also added to the contents present inside the beaker. Then 
the volume of these contents was raised to 10 ml by adding more of 90% Acetone. 
After this the beaker was tightly closed with the help of aluminium foil in order to 
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stop any evaporation. It was stored for 6 hours at 4 °C for the pigments to elute. The 
chlorophyll a extract was then centrifuged at 3000 rpm for 20 minutes. After 
centrifugation, it was decanted and the volume of the decanted liquid was raised to 
10 ml by adding adequate amount of 90% Acetone. Optical densities (O.D.) of this 
liquid were noted at 663, 645 and 630 nm. Calculations for the estimation of 
chlorophyll-a were made after following the procedure given in APHA (1992). 
Chlorophyll a = 11.64 (O.D. 633)-2.16 (O.D. 645)+ 0.10 (O.D. 630). 
(mg pigment/L) 
For aquatic macrophytes, samples of the plants were collected and identified 
after following the works of Gupta (1973). Fish and aquatic insects were also 
sampled from these water bodies. However, this sampling was not done at regular 
intervals. Identification of fish-fauna of these water bodies was done using Day 
(1958), and Talwar and Jhingran (1991). Insect fauna was identified with the help of 
Pennak (1978) and Tonapi (1980). 
For statistical analyses, the methods given in Michael (1984) were followed. 
RESULTS AND DISCUSSION 
PHYTOPLANKTON: They are regarded as the chief primary producers of any 
aquatic environment (Vollenweider, 1968; Wetzel, 1975), which fix solar energy by 
the process of photosynthesis, assimilating carbon dioxide to produce carbohydrates 
thus serve as an important link between the abiotic factors and the biota in the aquatic 
system (Saha et al. 2000). The primary consumers or secondary producers 
(zooplankton) transfer this energy from lower to higher trophic level (Waters, 1977). 
Rao et al. (1999) in their studies on primary productivity of three reservoirs 
emphasized the active role played by phytoplankton in the energy transfer and 
exchanges. Phytoplankton as a parameter has great importance from ecological point 
of view (Kumar and Gupta, 2002). Some species flourish in highly eutrophic waters, 
while others are very sensitive to organic and chemical loads. Some develops noxious 
blooms, sometimes creating offensive tastes and odour or anoxic or toxic conditions, 
resulting in animal death or human illness to those consume them (Hosetti, 2002). A 
generalization is now more or less accepted that clean water bodies are dominated by 
diatom flora and organic pollution leads to development of Chlorophyceae and 
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Cyanophyceae. The group Euglenophyceae is not consistent in its performance but it 
prefers enriched waters. Presence of most pollution tolerant species of phytoplankton, 
like Ocillatoria, Scenedesmus and Euglena indicate high degree of organic pollution 
in the ponds. 
Seasonal variation in phytoplankton populations as a result of changing 
environmental conditions has been well documented (Riley, 1946, 1967; Ryther, 
1954; Conover, 1956; Hulburt, 1964; Patrick, 1967; Carpenter, 1971; Mulford, 1972 
and Samuels et ah, 1979). There is enormous literature on the effects of temperature 
(Patrick, 1969; Smayda, 1969), nutrients (Eppley and Thomas, 1969; Caperon and 
Meyer, 1972 ), light (Tailing, 1971; Piatt and Jassby, 1976) and salinity (Smayda, 
1969; Ignatides and Smayda, 1969) on the dynamics of phytoplankton. 
In India, numerous publications have been appeared concerning aquatic 
environments and ecology of phytoplankton in freshwaters. The important 
contributions include the works of Alikunhi et al. (1955), Ganapati (1960), Singh 
(1960), George (1961, 1962, 1966), Venkateshwarlu (1969a), Jana and Sarkar (1971), 
Moitra and Mukherji (1972), Khan and Siddiqui (1974), Munawar (1974), Mathew 
(1975), Rao (1975), Vashisht and Sharma (1975), Khan et al. (1978), Verma et al. 
(1978), Trivedy (1980), Dobriyal and Singh (1981), Kamat (1981), Zutshi (1981), 
Trivedy et al. (1985), Singhal et al. (1986), Bemice et al. (1987), Kulshreshtha et al. 
(1987), Tripathi et al. (1987), Tripathi and Srikandas (1989), Singh and Ali (1991), 
Pandey et al. 1993), Jeej Bai et al. (1995), Baruah and Das (1997, 1998) and 
Govindaswamy et al. (2000). 
Recently Harikrishnan et al. (1999), Rao etal. (1999) and Saha et al. (2000) 
have developed sustainable strategies for restoration and revival of degraded ponds 
taking the energy assimilation and utilization by phytoplankton as prime factors. 
Ph)4oplankton mainly comprises algae as these have suitably adapted 
themselves to a planktonic mode of life. Following groups of planktonic algae are 
present in the order of abundance. 
Chlorophyceae > Myxophyceae > Euglenophyceae > Bacillariophyceae > 
Desmidiaceae in pond I. Myxophyceae > Chlorophyceae > Euglenophyceae > 
71 
Bacillariophyceae > Desmidiaceae in ponds II and III. Monthly phytoplankton 
biomass (No./ml) of all the three ponds is given in Tables 6 a, b, c. 
Spatially, maximum biomass of phytoplankton was recorded in pond I and 
minimum in pond II. Seasonal fluctuations are given in Table 8. Pond I showed 
minimum number (124 No./ml) in August, 2000 and maximum niraiber (217 No./ml) 
in January, 2001,whereas pond II showed minimum number (83 No./ml) in 
November, 2000 and maximum number (143 No./ml) in January, 2001. Pond III 
contributes maximum (201 No./ml) in May, 2001 and minimum (110 No./ml) in 
February, 2000. All these ponds showed polymodal distribution of phytoplankton 
with several maxima and minima during the course of study (Figs. 8, 9a, b, c). 
However no clear-cut seasonal fluctuations were observed both temporally and 
spatially. Sreenivasan (1964), Haque (1991) and Gaur (1998) have reported peaks of 
phytoplankton during different periods in different years. It seems important to point 
out here that certain organisms, which were found to be absent during certain months, 
reappeared duiring other months of the year. This temporary disappearance of these 
organisms could be due to the unfavourable conditions prevailing during the periods 
of their disappearance and their reappearance indicated the return of favorable 
conditions for them. Many workers have observed temperature as one of the 
important factor for the growth of phytoplankton (Fritsch, 1907; Pearsall, 1923; 
Philipose, 1959; Bharti and Hosmani, 1975). In the present study, no significant 
relationship between temperature and phytoplankton, was observed (Table 10). It 
might be due to different responses of different groups of phytoplankton to water 
temperature (Haque, 1991). 
In the present study, variations in phytoplankton density are attributed to many 
factors. According to Eloranta (1982), the fluctuations in phytoplankton standing crop 
depend on the ratio between production and loss of cells. Rodhe (1948), Mc Combie 
(1953), Davis (1954, 1964), Khan (1969), Eloranta (1982) and Haque (1991) have 
reported that certain physico-chemical factors are responsible for fluctuations in 
phytoplankton population. 
The primary factors for production are light, water temperature and nutrients. 
Sedimentation, grazing, wash out and parasites are the main factors causing loss of 
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cells. In order to determine factors influencing total plankton population, the 
correlation analysis has been done between phytoplankton and some abiotic factors 
(Table 10). 
In the present study, it was noted that no single environmental factor was 
found responsible for the production of phytoplankton organisms but a number of 
factors acted together to bring cumulative effect. According to Bayers (1960) no 
relationship can be deduced between chemical conditions and plankton population at 
any specific time. Davis (1954) stated that a number of physical, chemical and 
biological parameters acting simultaneously must be taken into consideration in 
understanding the fluctuations of plankton populations. Similar findings have been 
reported by Tandon and Singh (1972) and Kaushik and Saksena (1999) in Indian 
tropical water bodies. 
Myxophyceae (Blue-Green Algae): They are also called as cyanobacteria 
(Woese, 1981), form an important phytoplanktonic group. These freshwater plankton 
belong mostly to the order Chlorococcales and Nostocales. They are found not only in 
free form but also in epilithic forms and as symbionts (Weis, 1982). Cyanobacteria 
have a worldwide distribution and the majority of species are cosmopolitan (both in 
static and running waters). They are more abundant in temple tanks and fort moats in 
which they form almost permanent blooms (Ganapati, 1960), presumably related to 
the antiquity of this group and due to the high degree of resistance which most of its 
members show towards adverse conditions. They are more efficient in utilizing CO2 
at high pH level and low light availability under eutrophic conditions (Shapiro, 1973, 
1990) and, thus, their abundance indicates the eutrophic nature of a water body 
(Seenayya, 1971; Lin, 1972; Seenayya and Zafar, 1981 and Gaur, 1994). The 
plasticity of the photosynthetic apparatus (Krogmarm, 1973) and the ability to 
assimilate a variety of biogenic compounds (Smith, 1973) are also suspected to be 
responsible for their qualitative and quantitative preponderance. They are good 
photosynthesizers and replenish the water with oxygen. Certain species of this group 
in freshwater fix atmospheric nitrogen to supplement their N requirement viz. 
Anabaena and Nostoc, and thus hold potential value as bio-fertilizer (Kapoor and 
Arora, 2000). Some species play an important role in nutrition and growth of fishes 
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(Ganapati and Chacko, 1951; Chacko, 1972), whereas other members of this group 
have gain recognition for producing potentially lethal toxins and are implicated in 
numerous instances of fish kill and death of domestic live-stock (Gorham, 1964; 
Collins, 1978; Carmichael, 1981). Some can develop nuisance blooms in response to 
nutrient enrichment or eutrophication (Smith etal. 1987; Pearl and Tocker, 1995). 
The nuisance growth of blue-green algae also causes O2 depletion after decomposition 
during unfavourable conditions, killing many organisms inhabiting the water body 
(Philipose, 1972 and Reynold, 1991). Microcystis aeruginosa is one of the 
best-studied cyanobacteria in relation to toxin and is commonly found throughout the 
world (Kappers, 1984; Carmichael, 1996). The amount of toxin, likely to be liberated 
in the water system by its bloom, varies depending upon the developmental stage of 
the cell/colony (Verma, 1998). The great extent of morphological variability makes 
the taxonomy oi Microcystis difficuh and some time conftising (Komarek, 1991; 
Carmichael, 1996). Typical colonies of M aeruginosa have been found growing in 
eutrophic reservoirs along with colonies formed by smaller cells, densely or not so 
densely aggregated and without wide mucilage around them. Some of these 
populations are different in relation to morphology of colony, mean diameter of cell 
and ecology as concluded in a study carried out both in culture and in field by 
Sant'Arma and Azebedo (2000). Due to the ability of myxophyceae to withstand in 
low light condition and nitrogen depletion, they form greater part of phytoplankton 
biomass during summer in many fish ponds (Reyssac and Pletikosic, 1990). The 
floating crust or scum of Microcystis, Anabaena or Aphanizomenon can thrive under 
excessive w£irm (35-40 °C) and PAR (Photo-synthefically active radiations) in surface 
waters and ciin prevent the passage of light into water, which can adversely affect the 
photosynthetic production of planktonic algae and thus O2 content of water. 
Considerable literature exists on blue-green algae in India, like those of Singh 
(1960), Verma (1964, 1998), Zafar (1967), Chacko (1972), Franklin (1972), Padmaja 
(1972), Philipose (1972), Singh et al. (1972), Sreenivasan (1972), Subba Raju (1972), 
Singh etal. (1982), Moitra etal. (1984), Tripathi and Pandey (1986), Tripathi etal. 
(1987) and Pandey and Tripath (1988) 
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In the present study, Myxophyceae (Cyanobacteria) constituted a dominant 
group of phytoplankton in ponds II and III. However, pond I showed its dominance 
only sometimes. (May-June, 2000, September, 2000 and March-May, 2001). 
Seasonally, higher densities of this group were recorded during summer and 
post monsoon months in pond I, whereas pond II showed higher densities during 
summer, monsoon and post monsoon months, with maximum showing in the 
February sample. Pond III showed higher densities during most of the months, 
particularly during later half of the investigation period (Tables 6a, b, c). Maximum 
numerical strength (90No./ml) was recorded in pond I, (72 No./ml) in pond II and (96 
No./ml) in pond III during June, 2000, February, 2001 and October, 2000 
respectively, whereas minimum population of myxophyceae was recorded in pond I 
(20 No./ml) during February and December, 2000, and January, 2001 (20 No./ml) in 
pond II duiing February, 2000 and January, 2001) and (40 No./ml) in pond III during 
February, 2000 and January, 2001). Spatially and temporally this group contributed 
maximum (63.38%) in pond III during July, 2000 and least (9.217%) in pond I during 
January, 2001 (Figs. 9a, b, c). 
In the present study, it was found that a number of factors both biotic and 
abiotic were found responsible to bring cumulative effect on abundance of 
myxophycean populations. Davis (1964) pointed out that several physical, chemical 
and biological factors act simultaneously to influence the plankton population 
fluctuation. Statistical analysis between myxophyceae and certain abiotic and biotic 
factors are given in Table 10. Haque (1991) and Gaur (1994) have reported that 
myxophyceae members start multiplying in the early summer months with the 
increase in environmental temperature. However, George (1962) recorded 
high-densit}' during winter in a fish tank at Delhi, India. Steinberg and Hartman 
(1988) have opined that nutritional enrichment of water bodies; especially phosphorus 
components have resulted in significant shift in phytoplankton community towards 
cyanobacteria, especially toxic genera. Direct interaction between species and indirect 
effects from higher trophic level and other components in the systems result in species 
succession. These effects become more important in eutrophic ecosystems (Harris, 
1994). Statistical analysis was carried out between myxophyceae and temperature. 
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PO4-P and NO3-N (Table 10). Significant correlations for water temperature and 
PO4-P were obtained in case of pond I only, whereas, ponds II and III showed 
insignificant results. Weak but positive correlation was obtained between water 
temperature and myxophyceae in ponds II and III. NO3-N also showed weak but 
positive correlation. The groups, Chlorophyceae and myxophyceae were found 
inversely related in ponds I and II, whereas pond III showed direct correlation. High 
myxophyceae growth might be due to some optimal combination of interacting 
factors. Moreover, when a water body is perturbed by continuous addition of 
nutrients, phyloplankton response can easily be masked by variations induced by 
other factors ;and interpretation become often difficult. In the opinion of Fritsch 
(1907) and Clairke (1924), the blue green algae are the characteristic of tropical waters 
and largely foim water blooms because these waters are usually eutrophic in nature. 
According to Palmer (1969), the occurrence ofAnacystis, Anabaena, Merismopoedia, 
Agmenellum, Nostoc and Oscillatoria is an indication of organic pollution and 
eutrophication. Algal blooms of cyanobacterial species, such as Microcystis, 
Anabaena, Oscillatoria, Nodularia and Nostoc etc. have been reported to generally 
appear in eutrophic lakes (Codd, 2000). In the present study, presence and abundance 
of these blue green algae showed that these water bodies are passing through the stage 
of eutrophication and are organically polluted. 
Microcystis aeruginosa contributed maximum (68No./ml) during June, 2000 
in pond I (56 No./ml) during February, 2001 in pond II and (74No./mI) during May, 
2001 in pond III. This species showed its presence throughout the period of 
investigations. 
SpiruUna was recorded in all the samples except during February, 2000 and 
April-May 2001 in pond I. In pond II, it was recorded only during July, 2000 to 
February, 2001. In pond III during August, 2000 to March, 2001. 
Anabaena showed its presence during February to July, 2000, March, 2001, 
May 2001 in pond I, during February to March, 2000 and from August to December, 
2000 in pond II and in July, 2000, October to December, 2000. February, 2001, April, 
2001 in pond III. 
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Agmenellum also showed its presence tnro'ti^oUt^Jfi^lPthese ponds. Its 
maximum densities (17 No./ml, 12 No./ml and 23 No./ml) were recorded during 
April, February/, March 2001 in ponds I, II and III respectively. 
Chlorophyceae: These green algae contain large number of morphologically 
di\ erse organisms of varied ecology. The planktonic species belong either to one of 
the two lower orders, the Volvocales and Chlorococcales, in which at least the 
gametes are flagellate and motile, or to the Conjugales, a much more specialized order 
in which the gametes are amoeboid and whose unicellular and colonial species are 
commonly called as desmids (Hutchinson, 1967). The green algae, like 
Ankistrodesmus, Kirchnerella, Pediastrum, Crucigenia and Scenedesmus among 
chlorococcales are abundantly fotmd plankton in ponds or shallow fertile lakes 
(Hutchinson, 1967). The green algae embrace such familiar genera as Spirogyra, 
Chlorella and Ulothrix each belong to a different order of Chlorophyceae and 
represent 8,000 freshwater species (Hutchinson, 1967). The periodicity of green algae 
in these selected water bodies is represented in Tables 6a, b, c and illustrated in Figs. 
9a, b, c. Chlorophyceae forms most significant group of phytoplankton in these ponds. 
It is represented by 10 genera. 
Temporal variations in green algae showed maximum density in pond I 
(116No./ml) during January, 2001, in pond II (58 No./ml) during January, 2001 and in 
pond III (48 No./ml) during March, 2001. Their minimum density 35No./ml in pond I, 
21 No./ml in pond III was recorded during August, 2000 and 13 No./ml in pond II 
during December, 2000. However, spatially, its percent contribution was recorded 
maximum (53.46%) during January, 2001 in pond I and least (14.44%) in pond II 
during December, 2000 (Figs. 9a, b, c). 
Chlorophyceae showed bimodal distribution with one peak during early 
summer and the other peak of higher magnitude during winter. The decline during 
rainy season appears to be caused by increase in water volume. High turbidity has 
adverse effect on phytoplankton by absorbing solar energy in the surface layer on 
water and thus impairing photosynthesis, which causes sharp fall in phytoplankton 
density. High rainfall, dilution and over flooding during monsoon months in these 
water bodies also play devastating role in phytoplankton growth. Such effects have 
also been reported by Vyas (1968), Trivedy (1993) and Unni (1996). Singh and 
Kumar (1997) also reported chlorophycean dominance in early winter and minima in 
monsoon. Contrary to this, Verduin (1956), Lund and Tailing (1957), Sitaramiah 
(1966), Munawar (1974) and Mehra (1986) have reported higher yield of 
phytoplankton during early summer and monsoon as compared to winter and spring. 
In the present study, high population of green algae during different periods 
might be attributed to some extent to hard and alkaline waters as these waterbodies 
are found to be productive based on the classification given by Alikunhi et al. (1955). 
Statistically, a positive correlation was obtained between alkalinity and 
Chlorophyceae (Table 10). Significant in the case of pond I and insignificant in ponds 
II and III). Insignificant correlations showed high alkalinity due to organic pollution 
(Das, 1978; Patil and Sen, 1983). Singh (1960), Zafar (1967) and Munawar (1974) 
have reported abundance of green algae at comparatively higher temperature in 
tropical waters. But in the present study, besides temperature, other important factor, 
that influences the distribution and abundance of green algae was foimd to be 
nutrients. Coefficient of correlation was computed between Chlorophyceae and some 
nutrients (NO3-N, PO4-P ). A weak but positive correlation was obtained between 
PO4-P and Chlorophyceae in ponds I and II, whereas inverse and significant 
correlation was found between these variables including NO3-N in pond III 
(Table 10). Comparatively higher Chlorophycean density in pond I was due to 
richness of the pond in terms of nutrients, which were released during decomposition 
of organic matter. An insignificant correlation might be due to irregular entry of these 
nutrients through drainage and from surroimding catchment area. 
Singh (1960), Zafar (1964) and Haque (1991) have reported low concentration 
of nitrate and phosphate due to their utilization by phytoplankton. Mohan (1987b) has 
reported that in the distribution of green algae, cations particularly calcium, play an 
important role. Calcium in these waterbodies was also found in higher amounts 
(Table 4) that may support high density of Chlorophyceae. 
Besides physico-chemical parameters, presence of myxophyceae is also 
known to control the fluctuations in green algae population (Lin, 1972 and Bais el al., 
1993). Gaur, (1998) found high density of Chlorophyceae associated with higher 
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myxophycean population. But here, in the present study, it is the second most 
abundant group of phytoplankton after myxophyceae (Tables 6a, b, c) 
Among them, Crucigenia, Ankistrodesmus, Scenedesmus, Chlorella and 
Protococcus in pond I, Ankistrodesmus, Protococcus and Actinastrum in pond II and 
Crucigenia, Ankistrodesmus, Scenedesmus, Protococcus and Tetraspora in pond III 
were found throughout the study. The filamentous algae Spirogyra and Ulothrix, 
showed bimodal occurrence showing their presence during March-April, 2000 and 
September- October, 2000 in pond II, during April, 2000 and July -December, 2000 
in pond III, whereas pond I showed the absence oi Spirogyra during February-March, 
2000 and Ulothrix during May, 2000, September-October, 2000 and February-May, 
2001. The genera noted to be absent during certain months appeared when conditions 
become favorable. Chlorophycean dominance has been attributed to eutrophic nature 
of the ponds (Gonzalves and Joshi, 1946; Singh, 1960; Saify etal, 1986). The ability 
of chlorophycean algae to withstand against the pollution load has been reported by 
Palmer (1969) and Jha etal. (1989). In the present study, alkaline medium favors 
optimum growth of Chlorophyceae (Philipose, 1960; Munawar, 1970; Saha etal, 
1985). The dominance of Chlorophyceae in pond I might also be due to comparatively 
high D.O. content than other ponds. Dhakar (1979) found that the green algae prefer 
waters with high D.O. content. In the present study, nutrient status showed that these 
water bodies ai'e certainly eutrophic and, therefore, chlorophycean dominance can be 
attributed to the eutrophic condition of these water bodies with high D.O. content 
(Table 1). 
EuglerKjphyceae; Euglenoid algae form a relatively large and diverse group 
but few species are truly planktonic (Wetzel, 1983). According to Hutchinson (1967), 
"though the group consist of more than 600 species of photosynthetic form, as well as 
many that are apochlorotic, few are of any importance as members of the lake 
plankton". Among the free swimming species, some members of Trachelomonas and 
Lepocinclis and a few species of Euglena are widely distributed in the open water of 
lake. Euglena acus, which occurs in large and deep waterbodies, as the sea of Galilee 
(Komarovsky, 1959), is probably the most eulimno-planktonic species. Almost all 
euglenoids are unicellular, lack a distinct cell wall and possess one, two or three 
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flagella (Wetzel, 1983). They are facultative heterotrophic and generally abundant in 
waters rich in organic matter. The ecological distribution of euglenoids has been 
studied by Rao (1955), Zafar (1959), Philipose (1960), Singh (1960), Munawar 
(1970) and Singh and Swarup (1979). 
The seasonal variations of euglenoids are given in Tables 6a, b, c and shown 
in Figs. 9a, b, c. The group contributed maximum number, 46 No./ml, during January, 
2001 in pond I, 38 No./ml during January, 2001 in pond II and 29 No./ml during 
January, 2001 and May, 2001.The minimum counts 14 No./ml, 8 No./ml and 
10 No./ml, were recorded during May, 2001, November, 2000 and July, 2000 in 
ponds I, II ajid III respectively. Maximum percentage (31.46 %) was noted in pond II 
during February, 2000 and minimum (8.00 %) during July, 2000 in pond III. 
Munawar (1970) advocated that the more amount of CO2, phosphate, nitrate and low 
content of dissolved oxygen favours the growth of euglenoid. Wetzel (1983) stated 
that euglenoids development in the phytoplankton occurs most oftenly in seasons, 
strata, or lake systems in which concentration of ammonia and specially dissolved 
organic matters are high. They have also been reported to be present most oftenly in 
shallow waters rich in organic matter such as farm pond (Hutchinson, 1967; Wetzel, 
1983). 
In the present study, euglenoids are represented by only two genera (Euglena 
sp. and Phacus sp.) throughout the study. The two species of Euglena, coexists 
without showing any competition and showed presence in good numbers throughout, 
the period of investigations. E. acus and E. deses showed a range of 5-25No./ml and 
3-30.00 No./ml in pond I, 3-16 No./ml and 2-12 No./ml in pond II; 2-7No./ml and 
5-18 No./ml in pond III. 
Phacus sp. also showed continuous presence, fluctuating between 5-16 
No./ml, 3-12No./mI and 2-1 INo./ml in ponds I, II and III respectively. 
Less diversity and continuous presence of euglenoids in the present study 
might be due to richness of these waterbodies in terms of organic matter and nutrients. 
Kumar and Gupta (2002) found that high nutrients support the maximum growth of 
euglenoids in Bakshibandh pond compared to Rasikpur with low nutrients and high 
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dissolved oxygen. Dense bloom of Euglena sp. usually occurs in small and 
organically polluted water bodies rich in nonhumic organic matter. 
According to Palmer (1969), member of euglenophyceae show higher 
tolerance to organically polluted waters, and algae belonging to this group can be used 
as biological indicator of organic pollution. Kumar and Gupta (2002) in their study on 
some ponds of Santal Paragna (Jharkhand) in India have also reported euglenoids as 
biological indicator of organic pollution. 
Baciliariophyceae: The diatoms, the most important members of the fresh 
water phytophmkton, are nearly always present in significant nimibers and it must be 
emphasized that the most genera are planktonic and occur in benthic and littoral 
regions often in majority. The group as a whole has commonly been divided into the 
centric diatoms exhibiting radial symmetry and pinnate diatoms which are bilateral in 
their functional structure (Hutchinson, 1967). Members of Baciliariophyceae 
(Diatoms) constitute most important group of algae even though most species are 
sessile and associated with littoral substrate (Wetzel, 1983). The planktonic members 
may have large central vacuole, which may aid to floatation. Some of the common 
freshwater planktonic diatoms recorded in the present observations are Diatoma, 
Cyclotella, Amphora, Navicula, Nitzschia, Synedra etc. These are enveloped in cell 
wall made up of amorphous hydrated silica plus organic contents and are foimd in the 
form of a single chain of ceils or satellite or other alignment of cell. 
Diatoms are preferred food of many grazers and organisms in the upper 
trophic level and thus form the basis of productive fisheries (Ryther, 1969). They 
have been suggested to enhance the transfer of energy to higher trophic levels 
(Doering et al., 1989) either through fewer trophic links (Ryther, 1969) or higher food 
quality. It is estimated that net primary production on earth is in order of 1.4x10'"* Kg 
dry Wt./year and diatoms constitute about 20-25% of this total production (Werner, 
1977). Nutrient availability can also influence diatom commimity structure in streams 
and rivers (Chetelat et al., 1999). Many investigators stressed the importance of 
silicates, nitrates, phosphates, and D.O. in the productivity of diatoms (Patrick, 1948; 
Venkateswarlu, 1969; Sampathkumar, 1977). Growth of diatoms depends upon the 
presence of dissolved silicates, contrary to non-diatom species, which dominate when 
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dissolved silicates are low (Conley etal., 1993). Since diatom abundance is partly 
determined by available dissolved silica, the presence and absence of diatoms may 
have a significant impact on the food web and trophic structure of the aquatic 
ecosystems (Conley et al., 1993). 
Impor1;ant works pertaining to diatoms of worth mentioning are those of 
Palmer (1962, 1964), Singh (1962) Zafar (1964, 1967), Round (1966), Munawar 
(1970), Williams (1972), Patrick (1977), Kamat (1981), Tillman etal. (1982), 
Nautiyal (1984), Smetacek (1985), Haque (1991), Conley and Malone, (1992), Dortch 
et al. (1992), Conley et al. (1993) and Conley (2000). 
In the present study, minimum count of diatoms (6 No./ml) was recorded in 
February, 2000 and maximum (30No./ml) in June, 2000 in pond I. Pond II showed 
minimum count (5 No7ml) during February, 2000 and May, 2001 and maximum 
count (37 No./ml) during July, 2000, whereas pond III showed minimum count 
(10 No./ml) during August, 2000 and maximum (29 No./ml) during April, 2000. 
However, spatially and temporally, their maximum percent contribution (33.04%) was 
recorded in pond II during July, 2000 and minimum (4.23%) in pond I during 
February, 2000 (Figs. 9a, b, c). 
In the ]3resent study, the group Bacillariophyceae was found to be 
represented by Navicula, Nitzschia, Amphora, Synedra, Diatoma and Cyclotella All 
these have their own distribution pattern. Among these, Navicula was most dominant 
in pond I and II and Nitzschia showed its dominance in pond III. These species, 
except Cyclotella and Diatoma showed continuous presence in pond III only, whereas 
pond I and II showed presence of Navicula continously. Blum (1960) reported N. plea 
continuously as the most tolerant and resistant form of diatoms and grows 
conspicuously in polluted waters. 
Kant and Anand (1978) suggested high temperature as favorable factor for the 
growth of diatoms. Statistically, positive relationship was obtained between the water 
temperature and diatoms (r = 0.659 in pond I, r=0.441 pond II and r = 0.273 in pond 
III as shown in Table 10. However, Venkateshwarlu (1969) observed an inverse 
relationship between diatoms and temperature. Pearsall (1932) observed that diatoms 
occurred when the water was rich in nitrates, phosphate and silicates. The importance 
82 
of nitrates in the periodicity of diatoms has been emphasized by Patrick (1948), 
Venkateswarlu (1969) and Sampathkumar (1977). Prowse and Tailing (1958) 
observed duplication of phosphate during luxuriant growth of diatoms in river Nile. 
According to V/elch (1952), diatoms flourish during winter and spring when the water 
is also rich in nitrate and phosphate. The present water bodies being eutrophic are 
quite rich in nutrients, like phosphates, nitrates and silicates. The seasonal abundance 
of diatoms showed polymodal occurrence (maxima and minima) in all these ponds 
depending upon the amount of dissolved silica present in ambient water. Eloranta 
(1982), Mohan (1987a) and many others have established the importance of silica as a 
factor controlling in the spatial and temporal distribution of diatoms. This is evident 
from the observed diatom population with high silica content. The coefficient of 
correlation analysis was made to find out the nature of the degree of relationship 
between monthly diatom density (No./ml) and silica content (Table 10; Fig. 4) and the 
existing ecological relationship is best described by linear regression model of the 
form (Fig. 26). 
In ponds I and II, both the parameters showed positive and significant 
relationship (pond I: r = 0.802; pond II: r = 0.758), whereas in pond III, the 
relationship was positive but insignificant. Roy (1955) found that both maximum and 
minimum density of diatoms were associated with high concentrations of silica in 
river Hoogly. However, Lund (1965), Munawar (1974), Eloranta (1982) and Haque 
(1991) have found inverse relationship between these two variables. According to 
them, utilizafion of silica by diatoms for their growth is one of the reasons of such 
relationship. Positive correlation in the present study (Table 10) suggests that silica 
was never found to be a limiting factor for the development of diatoms, but 
experiments carried out by Wetzel (1983) on the silica requirements have showed that 
the silica reduction was clearly the major factor contributing to the decline of the 
diatoms. 
Desmidiaceae: The term desmid is used in limnology to designate members 
of those conjugates that are either strictly unicellular or in which, if filamentous, the 
cells of filaments are loosely connected (Hutchinson, 1967). Desmids are exclusively 
fresh water plants and not a single species is found in the sea (Plaskitt, 1997). They 
are typically found in acid bogs, in very dilute waters low in electrolytes and in 
oligotrophic lakes (Cole, 1983). In the present study, this group of algae forms the 
least abundant group of phytoplankton contributing least to entire phytoplankton 
density (Tables 6a, b, c; Figs. 9a, b, c). Welch (1952), Hutchinson (1975) and 
Goldman and Home (1983) have reported that waters possessing desmids as dominate 
phytoplankton were, in chemical sense, distinct from those which were rich in 
diatoms and blue-green algae. Pearsall (1921) and Strom (1924) indicated that 
enrichment of water by calcium resulted in general paucity of desmids. Hutchinson 
and Pickford (1932) also emphasized the role of calcium in the distribution of 
desmids. VonOye (1934) attributed the paucity of desmids in Belgium freshwaters to 
their eutrophic expression and has been interpreted in terms of organic matter, 
dissolved oxygen, average depth, nutritional level and bottom fauna. In the present 
study, they were recorded throughout the study in all the three ponds. Ponds under 
study are eutrophic as in terms of organic matter and possessed only a few species of 
desmids (Tables 6a, b, c). Apart from the above reasons these waters also showed 
dominance of chlorophyceae, myxophyceae and bacillariophyceae, which might be 
another reason for the least abundance of this group. In the present study, desmids 
number fluctuated between 4-16 No./ml showing maximum during December, 2000 
and minimum during March, 2001 in pond I; 5-18 No./ml with maximum during 
January and April, 2001 and minimum during June and November, 2000 in pond II 
and 3-10 No./ml with minimum during August, 2000 and maximum during May, 
2001 in pond III. 
Closterium sp. and Cosmarium sp., which are known to exhibit tolerance with 
the higher concentration of organic matter, were the only genera noted throughout the 
period of investigations. Cosmarium sp., was found to be less abundant in all the three 
ponds as compared to Closterium sp. Wetzel (1975) and Goldman and Home (1983) 
have reported the desmids being less abundant in the water bodies that were rich in 
organic matter. The least population of this group, particularly Cosmarium sp. might 
also be due to the dominance of blue-green algae. Lefevre et al. (1952) have 
demonstrated antagonistic effect of the abundant growth of blue-green algae on the 
population of desmids. According to Hutchinson (1967 and 1975), desmids increase 
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by the rarity of blue-green algae. Singh and Pandey (1991) recorded only two genera 
of desmids in polluted waterbody. Haque (1991) recorded low density of desmids 
during higher density of myxophyceae. Present study substantiate the general belief 
that large waterbodies have low myxophyceae and more desmids as compared to 
smaller water bodies (ponds) which have more myxophyceae and less desmids 
(Hosmani, 2002). 
ZOOPLANKTON: Zooplankton are small animals that float freely in the water 
column of the aquatic ecosystems and those distribution is primarily determined by 
water movements and mixing. Zooplankton mediate the transfer of energy from lower 
to higher trophic level (Waters, 1977). Thus, zooplankton represent an important link 
in aquatic food chain and contribute significantly to secondary production in 
freshwater ecosystems (Sharma, 1998). As a result of grazing, zooplankton may be 
able to control phytoplankton at low levels imder certain conditions (Verity and 
Smetacek, 1996). Allochthonous and autochthonous organic materials are processed 
by zooplankton and a dynamic equilibrium manifests between the input of processing 
and processed materials respectively (Khan and Rao, 1981). Zooplankton form an 
important source of food for higher trophic levels in freshwater ecosystem for several 
species of planktivorous fish, small size fish, predatory copepods and many others 
including several crustacean species. Freshwater zooplankton belong to free living 
nonphotosynthetic protista to the rotifera and Crustacea. In addition to members of 
these three groups, which form by far greater proportion of zooplankton, both species 
and individuals of few coelentrates, flatworms, gastrotriches, mites and larval forms 
of many animals, at times, may be found in zooplankton (Hutchison, 1967). It has 
been seen that inspite of many differences between the structure of freshwater and 
marine zooplankton communities (Lehman, 1988), the main herbivore component in 
both environment is formed by groups of Crustacea (Jak, 1997). Zooplankton although 
exist under a wide range of environmental conditions but many of them are limited by 
D.O., temperature, salinity and other physico-chemical factors. The spatial and 
temporal variations of the zooplankton community, their density and relationship to 
the ambient variables have been measured by many workers (Bozelli, 1994). 
Interspecific and intraspecific competitions are known to influence the distribution 
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and abundance of zooplankton. The availability of food also affects the zooplankton 
population by affecting fertility of females. Zooplankton communities respond to a 
wide variety of disturbances including nutrient loading (Mc Cauley and Kalff 1981; 
Pace 1986; Dodson 1992), acidification (Brett, 1989; Keller and Yan 1991; Marmorek 
and Kormann, 1993), contamination (Yan etal, 1996), fish densities (Carpenter and 
Kitchell, 1993) and sediment input (Cuker, 1997). Zooplankton organisms, therefore, 
in the field of fisheries have an immense place and significance (Jhingran, 1991). 
Reice and Wohlenberg (1993) have pointed out that the state of an aquatic system can 
not be truly understood without the knowledge of zooplankton due to its important 
role in food chain. Thus, zooplankton play an important role as indicator of trophic 
conditions in both cold temperate and the warm tropical waters (Ganon and 
Stemberger, 1978; Sharma, 1998). 
Important contributions from abroad on zooplankton studies are those of 
Kielham (1952), Comita and Anderson (1959), Edmondson (1959, 1965), Joseph 
(1961), Hazelwood and Parkar (1961), Beauchamp (1965), Kutikova, (1970), Patalas 
(1972), Ruttner-Kolisko (1974), Gulati (1978), Pontin (1978), Swar and Fernando 
(1980), Dumont and Pensaert (1983), Idris (1983), Ricci (1983), Sladecek (1983), 
Faimando and Kanduru (1984), Peters and Downing (1984), Dussart and Defaye 
(1985), Lampert etal. (1986), Dodson and Frey (1991), Wallace and Snell (1991), 
DeVries and Stein (1992), Smimov (1992), Nogrady etal. (1993), Fernando (1994), 
Bwebwa (1995), Crisman etal. (1995), DeSmet (1995, 1996), Segers (1995, 2001), 
Shiel (1995), Shile and Dickson (1995), DeSmet and Puriot (1996), Korovchinsky 
(1996, 2000) and Olesen (1998). 
Importjmt works from India are those of George (1966), Nayar (1970), 
Rajendra (1973), Vashisht and Sharma (1975, 1976), Kadar et al. (1978), Datta et al. 
(1983), Patil iind Goudar (1985), Sharma (1987, 1990, 1991, 1995, 1996, 1998, 
2000,2001), Laal (1984), Chaurasia and Adoni (1985), Khan etal. (1986), Sharma 
and Michael (1987), Sharma and Sharma (1997, 1999) Michael and Sharma (1988), 
Saha and Pandit (1988), Ahmed (1991), Haque (1991), Battish (1992), Vijaykumar 
(1992, 1994), Reddy (1994, 2001), Sarver and Parveen (1996), Nayar etal. (1999) 
and Singh (2000). 
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The freshwater zooplankton fauna of these water bodies comprised of four 
major groups viz. Cladocera, Copepoda, Rotifera and Ostracoda. The total 
zooplankton number fluctuated from 48-122No./L in Pond I, 41-78 No./L in pond II 
and 48-97 No./L in pond III during the study period. Temporally and spatially it 
contributed maximum during January, 2001 in pond I and least during November, 
2000 in pond II. 
Regarding seasonal fluctuations in zooplankton showed polymodal occurrence 
(several peaks of maxima) during early summer (March-April), monsoon and post 
monsoon (June-September) in f' year and during winter (January) and summer 
(April-May) in the II"** year in pond I. Pond II showed maxima during summer 
(March) in the 1st year and during winter (January) and again during summer (April) 
in the Ilnd year. However, pond III showed 1st peak of high magnitude during 
summer (March) and then in post-monsoon (October) in 1st year. In this pond, no well 
defined peak was observed in the Ilnd year (Tables 7a, b, c; Fig. 8). 
Seasonal changes in zooplankton population in these ponds closely followed 
the same trend as that of phytoplankton, showing a significant direct relationship 
between these two groups of organisms (Table 10; Fig. 27). This confirms the general 
observation that by and large seasonality of zooplankton depends upon its food i.e. 
phytoplankton (Lewis, 1979; Kannan and Job, 1980). The availability of food, mainly 
phytoplankton, is also known to affect the production of zooplankton by affecting the 
fertility of females (Comita and Anderson, 1959; Edmondson, 1965; Patalas, 1972; 
Haque, 1991). Zooplankton decline was found to be associated with both increased 
predation on zooplankton and a decline in the fecundity index. Upon becoming 
sufficiently abundant, zooplankton overgraze phytoplankton with a commensurate 
decline in fecundity (Lampert et ai, 1986; Sommer et al, 1986). 
Zooplankton abundance may also be affected by a number of environmental 
factors in addition to size selective predation, e.g. algal abundance, algal composifion, 
invertebrate predafion, temperature etc. (DeVries and Stein, 1992). Fluctuations in 
zooplankton density and distribution due to chemical variables have been reported by 
Hazelwood and Parkar (1961), George (1962), Hutchinson (1967, 1975), Eloranta 
(1982), Goldman and Home (1983), Haque (1991) and Gaur (1998). Present study 
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clearly showed that the species composition and abundance of a particular group 
among zooplankton is intricately influenced by ecological changes in their 
environments. The phenomena of eutrophication, acidification, siltation and 
vertebrate (fish) predation exercise drastic impacts on their community structure and 
survival. However, it was found that no other factor (biotic or abiotic) is as much 
pronounced as the availability of food (phytoplankton) and predation by small fishes. 
To confirm iind find out the nature of degree of relationship correlation analyses were 
made between zooplankton and certain important biotic and abiotic factors (Table 10). 
A strong and significant correlation was obtained only between zooplankton and 
phytoplankton density (positive in case of pond I, r = 0.969 and pond II, r = 0.554 and 
negative in case of pond III, r = -0.512) and the existing ecological relationship is best 
described by linear regression lines (Fig. 27). 
The direct relationship between these two variables has also been reported by 
Riley (1946), Ali (1980) and Gaur (1998), whereas Comita and Anderson (1959), 
Khan and Siddiqui (1974) and Eloranta (1982) have reported an inverse relationship. 
In the present study, direct relationship (for ponds I and II) between phytoplankton 
and zooplankton indicate favorable conditions for the rapid production of 
phytoplankton in relation to zooplankton grazing. 
Rotifera: It is one of the oldest groups and a minor phylum of invertebrates. 
They are commonly termed as "wheel animalcules" because of their characteristics 
wheel organ or "corona" that bears close resemblance to a pair of revolving wheels 
(Edmondson, 1959). These interesting micro-invertebrates have been presumed to be 
a product of the aerobic phase in the development of our planet (Sladecek, 1983). 
During the course of evolution to their present multiplicity, these organisms have, 
however, successfully invaded and colonized a wide variety of aquatic and 
semi-aquatic biotopes (Sharma, 2001). As a result of this, rotifers are found in open 
waters of lak:es, ponds, pools, canals, slow flowing rivers, pristine ground waters, 
dampened mosses and psammo-littoral micro-invertebrate communities. A good 
number of Rotifer genera (about 40%) include truly planktonic species, which live in 
open waters of the limentic region of freshwater ecosystems all the time (Pennak, 
1978). Rotifers play an important role as grazers, suspension feeders and predators in 
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the zooplankton community. Consequently, they are important competitors of the 
larger crustaceans. They serve as an essential food source for vertebrate and 
invertebrate predators (Herzig, 1987). They also serve as valuable indicators of 
trophic condition of water (Sladecek, 1983). Bogdon et al. (1980) pointed out that, on 
a per unit weight basis, rotifers suspension feeding may greatly surpass that of the 
crustacean plankton and so they have a key role in biodegradation process in 
oxidation ponds and man-made lakes receiving putrescible faecal material. 
In the present study, rotifers form the second most abundant group of 
zooplankton in pond I and third most abundant group of zooplankton in ponds, II and 
III. ranging from 7-38 No./L in pond I, 6-21No./L in pond II and 10-23 No./L in pond 
III. Rotifers showed temporal polymodal occtirrence (Tables 10a, b, c; Figs. 10a, b, c) 
with spatial differences. This group contributed maximum (40%) during June, 2000 in 
pond I and minimum (9.21%) during March, 2000 in pond II. First peak of higher 
magnitude from March to July, 2000 with maximum in June, 2000 and another peak 
of smaller magnitude from September to November, 2000 were recorded in pond I. 
Ponds II and HI showed polymodal occurrence with peaks during May-August, 2000, 
January-Februjiry, 2001 and April-May, 2001 in pond II and during March, 2000, 
August, 2000 and January, 2001 in pond III. The minimum density was recorded 
during March, 2001 in pond I, during September-October, 2000 and March, 2001 in 
pond II and during March, 2001 in pond III. 
In the present study, rotifers did not show any distinct pattern of occurrence, 
as also reported by Vashisht and Sharma (1976) in different waterbodies. According 
to Reid and Wood (1976), rotifers never follow any predictable population pattern in 
freshwater impoundments. 
Most of the rotifer species usually can withstand a wide range of thermal 
variations. According to Pejler (1957), the temperature is generally not a limiting 
factor for rotifers. However, Laal (1989) has observed a pronounced periodicity of 
rotifers in monsoon and winter than in summer. Hofman (1977) believed that rotifers 
need good oxygen condition for growth, but Radwan (1980) suggested that the rotifer 
could live and reproduce in poor oxygen conditions. He also suggested that pH does 
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not have any direct bearing on the population of rotifers as reported by Pejler (1957), 
earlier. 
The roles of food supply in the development and composition of rotifer 
population is also very significant. Availability of nanoplanktonic food determines the 
succession of rotifers. Herzig (1987) has studied planktonic rotifer populations and 
concluded that the short-term species succession can partly be explained by 
physico-chemical limitations, food, competition and predation that influence species 
succession of rotifers. Other zooplankton pose stiff competition to the rotifer for 
feeding as well as reproductive niches in an aquatic ecosystem. According to Jyoti 
and Seghal (1979), every species has optimum conditions resulting from combination 
of various factors, that bring about its predominance in a water body. Whenever the 
quantity of a factor exceeds the tolerance limit, the exposed species dies off. 
Rotifers are damaged severely in the filtration apparatus of larger Daphnia 
species which affect heavily the population dynamics of rotifer species at high 
Daphnia densities (Jak, 1997). In the present study, abundance of rotifera is also 
controlled by biotic factors, such as mechanic interference by large cladoceran species 
(Gilbert, 1988), presence of their food (microalgae) and excessive growth of 
blue-green algae which inhibit development of majority of rotifers by eliminating 
their food of microalgae (Edmondson, 1965 and Purriot, 1977). However, dominance 
of rotifers with dominance of myxophyaceae has been reported by Rao and Durve 
(1988). They attributed it to ineffectiveness of external metabolites under optimal 
conditions of higher free CO2 and dilute organic load due to increase in water level. 
Similar observations have also been reported by Keeting (1977). The present study 
showed that all the above discussed factors are acting simultaneously to bring the 
given results. 
Rotifers genera, encountered during the present study include Brachionus spp., 
Keratella sp., Testudinella sp., Lecane sp., Filinia sp. and Notholca sp. With 
dominance showed by Brachionus spp. 
Keratella tropica, one of the most important rotifer species, occurred 
throughout the study period I. Pond II showed its absence during March, 2000, 
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September-January, 2001 and March, 2001. Pond III showed its presence during 
May-August, 2000, November-January, 2001 and April-May, 2001. 
Testudinella sp. was found throughout the study in Pond I. In pond II, it was 
recorded in the collections of May-October, 2000 and January to April, 2001, whereas 
in pond III, it was observed in the collections of February-March, 2000, 
July-December, 2000 and February and April, 2001. 
Brachionus calyciflorus was recorded throughout the study except in the 
month of January, 2001 in pond I. In pond 11, its absence was recorded from 
May-August, 2000 and May, 2001 while pond III showed its absence during October 
-February, 2001. 
B. angularis was recorded from Feb-June, 2000 and from Sepember-January, 
2001 in pond I; from February to April, 2000 and from September to April, 2001 in 
pond II; and from February to May, 2000 and August to April, 2001 in pond III. In the 
remaining months, B. calyciflorus dominates. Permak (1978) remarked that B. 
angularis is often considered dicyclic or perennial. 
Filinia longiseta was observed throughout the year in all these ponds, except 
in November, 2000 in pond III. Maximum density was recorded during July, 2000 in 
pond I, during June, 2000 in pond II and August, 2000 in pond III. Filinia longiseta 
has also been reported by Pejler (1957) as a representative of eutrophic waters. 
Notholca sp. was recorded more frequently in pond I than in ponds II and III. 
Lecane sp. was encountered during February-July, 2000, September-October, 
2000 and April-May, 2001 in pond I, during February-March, 2000, May-June, 2000, 
August 2000, January, 2001 and April-May, 2001, in pond II and during March, 2000, 
September-October, 2000 and January-February, 2001 in pond III. 
Both the species of Brachionus are very common in Indian waters (Sharma, 
2001) with high density in winter. Wide spread occurrence oi Brachionus sp. does not 
lead to any definite conclusion with regard to their preference for particular 
environment (.Arora, 1963). Brachionus sp. has been designated as indicator of 
organic pollution in eutrophic waters (Pejler. 1957; Maemets, 1983). In the present 
study, maximum diversity of rotifers was recorded among all recorded zooplankton 
group. Haque (?/a/.(1988) has also reported higher number of rotifers in eutrophic 
water bodies. In the present study too, presence of these organisms indicates that these 
ponds are eutrophic. Davis (1968, 1969) reported that the abundance of Brachionus is 
conclusive of the eutrophic nature of lake Erie. Thunmark (1945) and Berzins (1949) 
designated Brachionus angularis (several forms), B. quadridentatus, Keratella 
quadrata and Filinia longiseta etc. as indicator of eutrophy. Arora (1966) also 
indicated that B. angularis, B. calyciflorus and F. longiseta are common eutrophic 
species of Indian freshwaters. Sharma (1998) while reviewing the work on rotifera, 
stated that Keratella tropica, Brachionus angularis, B. caudatus, B. calyciflorus, B. 
falcatus and B. forficula are considered as eutrophic indicators of Indian waters. Few 
of the species mentioned above were among those recorded here. This also supports 
the eutrophic nature of these waterbodies. 
Cladocera: The cladocera comprise a group of primitive and usually 
microscopic crustaceans to which the general name of "Entomostraca" was formerly 
applied (Shanna, 2001). The members of this group are commonly known as "water 
fleas" because of their characteristic "Jerky" swimming action during locomotion 
(Pennak, 1978). The cladocerans inhabit almost all sorts of freshwater biotopes and 
frequently occur in the littoral, limnetic, benthic, interstitial and groundwater 
environments. The cladocerans are recorded in most inland waters including rivers, 
lakes (fresh jmd Brackish water), pools both ephemeral and permanent, in the 
hypertrophic zone of rivers and in caves. In addition, these organisms are reported to 
occur in dampened mosses, subterranean ground waters, tree holes and even wet tree 
trunks covered with bryophytes (Sharma, 2001). Planktonic cladocerans, in general, 
are capable of hundred-fold variations in population size with peaks of abundance 
generally coinciding with periods of algal bloom. Gulati (1978) stated that if the food 
supply is high or increasing for a stretch of time, cladocerans usually build up high 
number and biomass to dominate lake zooplankton. He further obsei-ved in Dutch 
waters that Daphnia and Bosmina started increasing sharply by early May to record 
the year maxima in about two or three weeks, but the subsequent decrease in food 
concentration due to high grazing pressure resulted in a near collapse of cladoceran 
population. Earlier, workers have also noted that the density of cladocerans is 
primarily deteimined by the food supply (Slobodkin, 1954; Wright, 1965). Chourasia 
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and Adoni (1985) stated that the decline in the number of cladocerans in the presence 
of sufficient food might be due to fish predation and, moreover, competition for food 
between cladocerans and other zooplanktonic group. 
The systematic studies on Indian freshwater cladocera were initiated by Baird 
(1960) and their status was lastly reviewed by Sharma and Michael (1987), Michael 
and Sharma (1988) and Sharma and Sharma (1990) and Sharma (1991, 2001) in 
Indian waters. 
In the present study, cladocerans were found in abundance (Tables 7a, b, c; 
Figs. 10a, b, c). The peak of higher magnitude of their abundance, in pond I, was 
observed during September, 2000 - January, 2001 with maximum in January and 
another peak during March-April, 2000. In pond II, first peak of smaller magnitude 
was noted during February-March, 2000 and another peak of higher magnitude during 
January-February, 2001. Pond III showed first peak of small magnitude during 
March-April, 2000 and another peak of higher magnitude during November-January, 
2001. However, all these ponds showed minimum cladoceran density during August, 
2000 in pond I during July, 2000 in pond II and during August, 2000 in pond III. 
Temporally and spafially this group contributed maximum (60.66 %) during January, 
2001 in pond I and minimum (8.33 %) during August, 2000 in pond III. 
Maximum cladoceran density during winter was also reported by Khan and 
Siddiqui (1974), whereas Khan etal. (1986) have reported higher numerical strength 
of cladoceran during summer. It is well known that owing to their size and relatively 
high intrinsic rates of population increase, cladocerans are the most important 
zooplankton component in fresh water in its functional role of phytoplankton grazing. 
Cladocerans are herbivorous filter feeder and feed mainly on algae. However, in the 
smallest size cases, detritus and bacteria are utilized as food along with algae 
(Tifnouti el al, 1994). Apart from their high ingestion rate, these larger zooplankton 
species have a wider food size spectrum (Bums, 1968; Bogdan and Gilbert, 1984). 
Freshwater cladocerans are able to respond immediately to increased nutrient 
levels, allowing them to control phytoplankton at relative high development rates 
(Yasuno elal, 1993). Dominance of cladocera or rofifera (George, 1966; Joshi and 
Adoni, 1993; Pandit, 1992; Kumar, 1995), in Indian fresh waters, has been widely 
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reported. However, according to (Sinha, 2001), no generalization seems to be possible 
regarding varying dominance of different groups. Thus, it can be concluded that the 
dominance of any group solely depends on the local environmental factors. 
In the present study, cladocerans are represented by Daphnia carinata, Moina 
micrura, Ceriodaphnia cornuta and Leptodora sp. 
Daphnia carinata is abundantly found throughout the study period 
contributing maximum (52 No./L) in pond I, (28 No./ L) in pond II during January, 
2001 and 29 No./L during December, 2000 in pond III. The species has been reported 
to be widespread in the plankton samples of ponds, lakes and reservoirs of India, 
particularly in the freshwaters of Northern India. Daphnia species are invariably 
encountered in ephemeral pools, small ponds and lakes (Sharma, 2001). 
Moina micrura was recorded in all these ponds, but found to be absent from 
June to September, 2000 in pond I and during June, 2000 in pond II. Its occurrence 
was recorded throughout the period of study in pond III. It is commonly found in 
temporary puddles and in short lived sewage beds subjected to frequent drying (Cole, 
1983). According to Sharma (2001), Moina spp. are commonly observed in muddy 
pools and eutrophic ponds and some species of this genus are also reported to occur in 
saline lakes. 
Ceriodaphnia cornuta was noted throughout the study period in all these 
ponds. However, its density was always found to be lower than Daphnia spp. 
Leptodora sp. is a transparent crustacean and the largest of the cladocera 
(Cole, 1983). It showed its occasional presence with 1 or 2No./L in ponds I and III, 
while pond 11 showed its presence regularly, except during December, 2000. It's 
occasional presence and least density might be due to the fact that it rises at night and 
prey on other zooplankton, including Daphnia, but during the day it migrates toward 
deep waters and is not readily found (Cole, 1983). Very little is known about it's 
occurrence in Indian freshwaters. It is only reported from freshwaters of Kashmir 
region (Sharma, 2001). 
Diversity and species richness of cladocerans of both temperate and tropical 
waterbodies have been discussed in considerable detail by several workers. Earlier 
concept, advocated by Fernando and Kanduru (1984), Green (1990) etc., asserted that 
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the diversity of cladoceran fauna in tropical waterbodies is considerably lesser than 
those of temperate waterbodies. The reasons cited for such impoverishment of species 
are intense grazing pressure by planktivorous fishes throughout the year resulting in 
elimination of large sized species (Fernando, 1994) and eutrophic nature of tropical 
waterbodies restricting species richness (Green, 1976; Ravera, 1996). A survey of 
literature revealed that the number of cladoceran species reported from any single 
water body of the country varied between 5-10 species (Singh and Pandey, 1991, 
Sinha, etal, 1992; Pati and Sahu, 1993; Revti, 1993). In the present study too, only 
four species are recorded from the water bodies. 
Copepoda: Copepods are very ancient arthopods and the diminutive relatives 
of crabs and shrimps. In terms of their size, diversity and abundance, they are also 
often called as "water fleas" in common with many other small Crustacea (Sharma, 
2001). A vast majority of copepods are confined to marine and brackish waters, only a 
small fraction inhabits fresh waters (Reddy, 2001). Copepods possess broad paddle 
like swimming legs and, generally, calanoid copepods are longer than cyclopoids. A 
plankton sample from the open water of any pond or lake nearly always includes 
copepods (Cole, 1983). Copepods are primary and secondary consumers in aquatic 
food chains and can make organic material available to higher trophic levels thus 
saving the foraging energy of their predators (Reddy, 2001). Cyclops constitute major 
food item for many fresh water fishes, like Indian major Carps (Pai, 2002). Members 
of the family cyclopoidae and Diaptomidae are highly successfiil in all kinds of 
freshwater habitats, and mostly represent the Indian planktonic copepoda. Copepods 
find application in monitoring studies both in the field and laboratory. The "copepod 
(either calonoid or cyclopoid): cladocera" ratio is used in limnological studies as a 
water quality indicator. Higher values indicate the oligotrophy and low values the 
hypertrophy (Reddy, 2001). 
Copepods density showed fluctuations in all these ponds (Tables 7a, b, c). 
Temporally and spatially this group contributed maximum (40 No./L) during March, 
2000 in pond I, (23 No./L) during April, 2000 in pond II and (34 No./L) during 
August, 2000 in pond III, while minimum values were recorded during November, 
2000 in ponds I (9 No./L) and II (5 No./L) and during January, 2001 in pond III 
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(6 No./L). However, by percent, copepods contributed maximum (47.22 %) during 
monsoon (August, 2000) in pond III and least (7.69 %) during winter (December, 
2000) in the siune pond (Figs. 10 a, b, c). 
Seasonal variations in this group have been reported by many workers 
(Kaushik and Sharma, 1994). Temperature has been reported to be one of the major 
factors responsible for the seasonal fluctuations in copepods (Chen, 1965). Copepods 
respond to high food availability by an increase in the production of their nauplii 
larvae (Mathew, 1985). However, in the present study no such factor seems to be 
much effective as peak population occurs in different months of the year indicating 
the influence of other factors. 
According to Patil and Karikal (2001), copepods showed direct correlation 
with the rotifers suggesting their differential food preference. In the present study too, 
the same relationship (Table 10) established (pond I, r = 0.635; pond II, r == 0.615; 
pond III, r = 0,444). 
Mesocyclops leuckarti was found to be the most dominant in all the three 
ponds. It was recorded maximum (15No./L) during March, 2000 in pond I, (lONo./L) 
during September, 2000 and May, 2001 in pond II and (I6N0./L) during August, 2000 
in pond III. M.leuckarti is often regarded as a significant component of tropical 
zooplankton (Lewis, 1979). 
Cyclops sp. formed the second most abundant copepod genera and recorded in 
maximum numbers (15 No./L, 9 No./L and 10 No./L during March, April and August, 
2000 in ponds I, II and III respectively). 
Diaptomus sp. was recorded maximum (lONo./L, 7No./L and 8N0./L) during 
March, April and August, 2000 in ponds I , 11 and III respectively. This species 
always encountered in small numbers than other two species. 
High population of copepods during summer might be due prolonged periods 
of reproduction with several generations, thereby increasing population production 
(Wetzel, 1983). For example, Diaptomus hatched from the resting eggs in early May 
and produced four complete generations, the last maturing in the late autumn (Carter, 
1974). Cannibalism is also involved in some copepod predation (Cole 1983). 
According to Wetzel (1983), cyclopoid copepods are carnivorous and their predatory 
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activities can play a significant role in the population dynamics of other copepods 
species. Decrease in Diaplomus might be associated with selective predation on 
copepodites of Diaptomus by Mesocydops (Confer, 1971), which resulted in the 
decline of Diaptomus population. Adult Cyclops prey heavily on nauplii of 
Diaptomus arid its own species (Mc Queen, 1969). In the light of above knowledge it 
can be said that all the three genera persist together simultaneously without showing 
much fluctuation. Further, higher densities of cyclopoids prevented increase in the 
density of calanoids in these waterbodies as also reported by Sehgal (1983) and Sinha 
(2001) in Indian waters. Sehgal (1983) asserted that these two groups were never 
found to occur in equal proportions in the same waterbody. During the present 
investigations, the occurrence of egg bearing females, nauplii and copepodites stages 
in almost all the months of the study period indicate their continuous breeding 
behavior without being affected by any of the prevailing environmental factors. In the 
present study, only two species of cyclopoida and one calanoida were recorded. 
Generally, the number of copepod species occurring in any ecosystem was never 
found to be very high, both in temperate and tropical regions. From Indian waters, 
George (1966) recorded seven species from few fish tank of Delhi, Zutshi and Vaas 
(1982) found eight species in Dal lake, Baruah et al. (1993) found seven species in 
Kawar lake, Bihar. Kumar (1995) found eight species in some wetlands of Santal 
Paragna, Bihar. Restricted assemblages of copepods species in temperate ponds is 
also well documented. 
Ostracoda: Although ostracodes are abundant and widely distributed, they 
have received much less attention than the cladocerans and copepods (Pennak, 1978). 
They inhabit all types of substrates in both standing and rurming waters, including 
rooted vegetation, algal mats, debris, mud, sand and rubbles. A few species swim 
about actively above the substrate. Superficially, the members of subclass ostracoda 
resemble miniature mussels, and ''mussel shrimps" is an old European vernacular 
name (Pennak, 1978). Some of them burrow superficially in soft subustrates. Those 
species that leave the bottom and swim about actively are characterized by long, 
plumose antennule and antennae. Ostrocods are only minor element in the diet of 
young and adult fish (Pennak, 1978). In the present study, they contributed least to 
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total zooplankton but showed their presence regularly in all the three water bodies. It 
is represented by a single species, Cypris sp. It was found to be represented least 
(1-8 No./L) in surface waters, which might be due to its benthic nature. 
Eggs and Nauplii; During present study, different developmental stages of 
zooplankton were recorded together as Eggs and Nauplii, and their present 
contribution to total zooplankton density is represented in (Tables 7a, b, c; Figs. lOa, 
b,c). 
During quantitative analysis, all the copepodite and nauplier stages were 
lumped together. Larval morphology is not known in most species of copepods. 
Sub-adult copepods, especially in cyclopoids, are usually mistaken for aduhs by the 
beginners. Hence, it is necessary to differentiate and clearly distinguish an immature 
individual from its aduhs (Reddy, 2001). Copepod eggs hatch into a small compact 
active free swimming larva called nauplius which has three pairs of appendages 
(Pennak, 1978). There are altogether six successive nauplier stages, which feed, grow, 
moults and acquire further appendages (Wetzel, 1983). After six nauplier moults, an 
enlarged and more elongated form of the first copepodite instar develops. There are 
five copepodite stages during which additional appendages and body segments 
develop. The sixth and final copepodite stage is adult (Reddy, 2001). The time 
required to complete juvenile stage is highly variable depending upon various 
environmental conditions (Wetzel, 1983). 
In the present investigation, nauplier stages were observed throughout the 
period of study except during March, 2000 in pond I. Only slight differences were 
observed in the number of nauplii in these ponds. This shows that reproduction in 
copepods is ceirried out throughout the year. Pennak (1978) has also reported that 
reproduction in some species of copepods carried out through out the year having 
three or more generations. He, however, also reported only one generation in certain 
species of copepods. Maximum densities of nauplii were recorded during May, 2002 
in ponds I and III and during March, 2000 in pond II. 
Eggs.- The eggs of rotifers and crustaceans were lumped together and 
countings were made together. The results of counting are given in Tables 7a, b, c. 
They occurred throughout the period of study and not much difference was noted in 
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their number during different months. Hillbricht etal. (1988) have reported increase 
in fecundity at high temperature. But, in the present investigation, no such 
relationship could be established with temperature. Miracle and Sera (1989) have also 
reported negligible effect of temperature on the fecundity of rotifers. On the other 
hand, they ha^ e^ reported salinity as the primary factor affecting fecundity in rotifers. 
Year round occurrence of eggs also indicate that these zooplankton (rotifers and 
crustaceans) aire prolific and continuous breeders. 
PRIMARY PRODUCTION: The monthly observations regarding gross primary 
productivity (GPP), net primary productivity (NPP), community respiration (CR) 
and chlorophyll -a, values along with phytoplankton biomass are presented in Table 9. 
All these parameters showed both temporal and spatial variations. In pond I, gross 
primary production was found to vary between 0.98-2.13gC/m^/hr, with minimum 
during August, 2000 and maximum during March, 2000. In pond II, it varied from 
0.64-1.86 gC/W/hr, being maximum during April, 2001 and minimum during 
January, 2001. In pond III, it showed variations between 0.68-2.10 gCW/hr, with 
maximum in May, 2001 and minimum in March, 2000. The values for net primary 
production (NPP) in pond I varied between 0.38-1.41 gC/m /hr, with maximum in 
May, 2000 and minimum in January, 2001. Pond II showed variations between 0.11-
1.43 gC/m /hr with minimum in February 2000, and maximum during April, 2001 
where as in pond III, the value varied between 0.12-1.75 gC/m'^ /hr with maximum in 
May, 2001 and minimum in March, 2000. 
Spring maxima with rapid decline in June was observed by Ar\'ola (1983). 
Baruah and Das (1997) have reported decreased productivity during summer due to 
disturbances in the ecological processes at high temperature and less volume of water. 
Many authors have reported large seasonal fluctuations in the phytoplankton 
productivity, and so in the production during summer months (Magizharasan and 
Indra, 1997). Some of them have reported seasonal variations in plankton production 
as a function of physico-chemical quality of water and trophic status of ecosystems 
(Singh and Kumar, 1997). According to Acharjee and Dutta (1995), the productivity 
is influenced directly by variations in ambient temperature, day length and light 
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penetration in the aquatic systems. The species diversity is also influenced by 
physico-chemical factors and nutrient status of the water body (Pandey et al., 1993). 
In the present study, no definite seasonal trend in the primary productivity was found. 
It may be due to disturbances in the water body. It was also observed that high and 
low productivity values in all these water bodies coincided with high and low 
numerical presence of phytoplankton an thus high and low values of chlorophyll -a to 
some extent. However, during winters (December and January) production was low 
inspite of the presence of phytoplankton in quite good numbers. It might be due to 
comparatively low water temperature than in the other seasons. However, several 
workers like Sreenivasan (1964), Ali and Khan (1978), Saran and Adoni (1985), 
Basheer (1991), Haque (1991) and Gaur (1998) have reported high productivity 
during different seasons. 
The relatively higher values of gross primary production as compared to the 
net primary production (Table 9) were due to the fact that phytoplankton cells lose an 
appreciable amoimt of simulated carbon during metabolic activities particularly 
through respiration and excretion (Fogg etal., 1965 and Haque, 1991). Community 
respiration (CR) was also found to fluctuate in different ponds during different 
months. Highest value of CR (0.82gC/m^/hr), was observed in the month of January, 
2001 in pond I and lowest (0.33 gC/m /hr) was recorded in the month of April, 2001 
in pond III. In all the three ponds, high CR rate coincided with high zooplankton 
density and low CR with low zooplankton density. Therefore, it can be said that 
fluctuations in CR rate were in close agreement with the fluctuations in zooplankton 
density. Statistically, a significant positive correlation was obtained between CR rate 
and zooplankton density in ponds I and III, while pond II showed insignificant but 
positive correlatin (Table 10; Fig. 28). 
Looking at the variations noted in chlorophyll -a concentrations in all the three 
waterbodies, it was found that chlorophyll -a, which is a measure of standing crop, 
fluctuated between 0.66 mg pigment/L in August, 2000 and 1.29 mg pigment/L in 
January, 2001 in pond I, 0.48 mg pigment/L in (November, 2000) and 0.88 mg 
pigment/L (January, 2001) in pond H and 0.60 mg pigment/L (Febuary, 2001) and 
1.10 mg pigment/L (May, 2001) in pond III. 
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Many physico-chemical factors were found to influence primary production in 
these water bodies. According to Clarke (1941), Welch (1952), Volenweider et al. 
(1974) and Goldman and Home (1983), the available light, its extent and intensity are 
important factors governing the photosynthetic activity of chlorophyll bearing 
organisms. Nielson and Jensen (1957) and Hutchinson (1975) considered 
transparency as an index of productivity. In the present study, high values of primary 
production occurred when transparency values were low (Tables 1, 9) showing an 
inverse relationship between these two variables. However, pond I showed direct 
relationship (Table 10; Fig. 29). Datta etal. (1984) and Gaur (1998) have also 
observed an inverse relationship between these two variables. However, Haque (1991) 
has reported a direct relationship between transparency and productivity in his study. 
Surface water temperature is known to have considerable influence over 
primary production in freshwaters (Northcote and Larkin, 1956; Sreenivasan, 1964; 
Vihjayraghavan, 1971; Datta etai, 1984 and Haque, 1991). However, Qasim etal. 
(1969) and Datta and Choudhary (1984) did not find any effect of temperature on 
organic productivity in tropical water bodies. In the present study, primary production 
values were found to have weak but positive correlation with the surface water 
temperature in all these water bodies (Table 10). 
In natural waters, dissolved nutrients are knowTi to control the primary 
production (Northcote and Larkin, 1956; Qasim etal., 1969; Vollenweider etal. 
1974; Wetzel, 1975 and Jhingran, 1991). In the present study, relationship between 
TDS & GPP was found to be positive limit insignificant (Table 10). 
Among nutrients, phosphate-phosphorus with NPP showed significant but 
positive correlation in pond II whereas ponds I and III showed positive but 
insgnificant values (Table 10; Fig. 30). Goldman (1960), Khan and Siddiqui (1971), 
Vollenweider etal. (1974) and Wetzel (1975) have also reported direct influence of 
phosphate on primary production. But, Haque (1991) did not find any effect of PO4-P 
on primary production, as in the case of pond II in this study. 
According to Jhingran (1991), more than 0.2 mg/L of phosphate-P 
concentration is likely to reflect productive nature of natural waters. In the present 
study, PO4-P v/as found to be higher than this value, which indicates productive 
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nature of th<;se water bodies. Nitrate-nitrogen (NO3-N) showed weak but positive 
correlation with NPP in ponds II & III and negative correlation in pond I (Table 10). 
Goldman and Wetzel (1963), Dutta et al. (1984) and Haque (1991) have also reported 
positive correlation between NO3-N and primary production. In the present study, 
significant and positive correlation was obtained between GPP and chlorophyll-a and 
phytoplankton in ponds II and III and pond I showed insignificant but positive 
correlation values for the same (Table 10; Fig. 32). 
Primary production showed positive correlation with phytoplankton density 
and chlorophyll-a in ponds II and III (Table 10). Haque (1991) has also observed 
significant positive correlation between primary productivity and phytoplankton. 
Bhargava and Saxena (1987) reported that instead of the phytoplankton population it 
was chlorophyll content which was of importance in primary production, but, contrary 
of their view,, Sumitra (1969) could not find any correlation between chlorophyll and 
productivity values. 
On the basis of primary production and chlorophyll-a values, it can be said 
that these waterbodies are eutrophic in nature (Bhargava and Saxena, 1987; Khan and 
Siddiqui, 1971; Basheer 1991 and Haque, 1991) and can very wall be utilized for 
aquaculture practices. 
AQUATIC MACROPHYTES: The macrophytes are the larger "pond weeds", 
including fonns with terrestrial pasts, their ancestors having moved from land to the 
water (Cole, 1983). Macrophytes, as a component of freshwater ecosystem perform 
key role in determining the structure and function of a pond ecosystem. The term 
aquatic macrophyte, as it is commonly used for the macroscopic forms of aquatic 
vegetation and encompasses macroalgae (e.g. Cladophora, and Chard), the few 
species of mosses and ferns adopted to the aquatic habitat, as well as true angiosperms 
(Wetzel, 1983). 
India harbour a rich wealth of primary producers of both micro- and 
macrophytes, which constitute significant position in trophic levels of the aquatic 
system. Vast majority of aquatic plants contribute to aquatic macrophytic 
communities. They are found mainly in the shallow regions of the ponds, lakes. 
rivers, swamps and stream etc. The littoral zone of stagnant freshwater bodies in India 
is generally inhiabited by a variety of indigenous aquatic macrophytes (Kumari and 
Kumar, 2002). The littoral regions, the zones where macrophytes occur, belong to the 
most productive biotopes on earth (Wetzel, 1983). Macrophytes play dynamic role by 
providing substrate for other organisms, such as periphytic algae, bacteria and 
microfauna (Best, 1982), in regeneration of cycling minerals and organic compounds 
and also trap nutrients from the interstitial and ambient water (Carpenter et al, 1987, 
Carignan and Kalf, 1980). Aquatic macrophytes contribute to primary production 
(Adams and McCraken, 1974; Filbin, 1980) to the region where they found. 
According to Pandit (1992), primary production by aquatic and semi-aquatic 
macrophytes represent an important source of energy for other trophic levels of 
aquatic systemiS. Pond (1905) has attributed the role of plants, in removing the 
nutrient material and supply them to the water on decay. Many aquatic plants like 
Salvina, Lemna and Spirodela have been used for the removal of nitrogen and 
phosphorus from water (Boyd, 1970). 
Macrophytes also act as indicators of water quality. They respond to changes 
in water quality and have been used as bio-indicators of pollution in several cases 
(Best, 1982). The total disappearance of Chara sp. and gradual replacement of clear 
water body species, Myriophyllum sp. and Patamogeton sp., by more resistant species, 
like Elodea sp. and Ceratophyllum demersum, typical of eutrophic habitat, are clear 
sign of racing eutrophication of lake. 
Replacement of Patamogeton by more eutrophic Ceratophyllum sp. and 
remarkable spatial differences in the biomass production of macrophytes, chiefly 
caused by the nutrient load of the incoming waste waters from surroundings, have 
also been observed in lakes of different trophic status by Pandit (1992). 
These macrophytes also have nutritive importance for aquatic fauna feeding 
on them. Besides being the base of trophic chains, macrophytes are directly used by 
cattle as feed. Duckweeds {Lemna sp.) are the most forvourable food for domestic 
ducks. Man, as a part of lake ecosystem, also makes use of large quantities of some 
macrophytic plants (seeds of Trapa natans and T. bispinosum, rhizomes and seeds of 
Nelumhium nucifera, petioles and fruits of Nymphaea sp. and stem tubers of 
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Sagittaria sagittifoUa as food (Pandit, 1992). The use of such macrophytes would, 
however, depend upon their economic feasibility, availability and nutritive value. All 
these macrophytic communities i.e. submerged, floating leaved and emergent 
vegetation types have been reported to decline due to increasing turbidity and grazing 
(Best, 1982). In the present study, following species of macrophytes were recorded. 
All these plants were noted in quite good numbers. The macrophytes growing near the 
shoreline were found in very small numbers due to grazing by cattle, but recorded 
more during monsoon and post-monsoon months as it is known to be the period of 
their highest production. 
A. Aquatic macrophytes attached to substratum 
a. Submerged macrophytes: 
Chara sp. (musk grass), Nitella sp., Potamogeton crispus (Curly leaf 
pondweed), Myriophyllum spicatum, Vallisneria sp., and Marsilea quadrifolia. 
b. Attached macrophytes with floating leaves: 
Nymphaea sp. 
c. Emergent macrophytes: 
Equisetum sp., Typha sp. {cattails), Phragmites sp. Juncus sp. and 
Sagittaria sp. 
B. Freely floating macrophytes 
a. Aerial and surface floating leaved macrophytes (rootless) 
Salvina auriculata (Water fern), Azolla caroliniana (Water velvet), 
Eichhornia crassipes (Water hyacinth), Lemna minor (Common duck weed), 
Wolffia sp., Trapa bispinosum (Singhara), Pistia sp., and Spirodela sp. 
b. Submerged macrophytes: 
i) With root: 
Hydrilla verticillata, Najas sp., Ceralophyllum demersun, and Elodea 
canadensis 
ii) Without roots: 
Utricularia vulgaris (common bladder wort). 
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Chara sp.: These are attached but submerged aquatic plants. They are 
commonly knovm as musk grass as they produce musk like odour when crushed. Its 
leaves are rough to touch. 
Nitella sp.: Plants are with erect stem like with whorled branches and forked 
smooth leaves. Plants without musk like odour. 
Potamogeton crispus: Commonly known as curiy leaf pondweed. These are 
attached and completely submerged aquatic plants found growing near the shorelines 
of these shallow water bodies. Leaves are without petiole, curly with finely toothed 
and puckered edges. 
Hydrilla verticillata: It is a slender weed with fibrous roots. It is one of the 
freely floating macrophytes and is very common in these water bodies. Its lower 
leaves are opposite and small, middle and upperones are in whorls of 3 and somewhat 
larger. Flowers are inconspicuous, arising singularly from the terminal spathe near the 
surface. 
Najas Sp.: Plants are coarse, leaves upto 4 cm long and 4mm wide, lanceolate 
with conspicuous teeth that prickle when touched. It is completely submerged species. 
Fragments grow into new colonies. These are common in these ponds. 
Vallisneria sp.: It is an attached but submerged plant, is commonly known as 
eelgrass or water celery. It is observed regularly. Stem is tuberous (comlike). Leaves 
are ribbon like, 30cm long, arise in clusters from nodes of rhizomes and reach to the 
water surface. Its maximum abundance was recorded in pond I and minimum in 
pond III. 
Equisetum sp: The plants are erect and bushy. The underground rhizome has 
distinct nodes and intemodes. The nodes bear aerial branches and roots. Aerial stems 
are less than a meter in hight with characteristics joints. Leaves are present on nodes 
in whorls and branches develop at the node in between each two leaves. 
Marsilea quadrifolia: The plants bear nodes and intemodes. The nodes bear 
the leaves and roots in acropetal succession. It has six leaflets. The plant has long 
flexible petiole and the leaflet floats on the surface of the water. 
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Nymphaea sp.: Perennial rooted plants with large creeping, often branched 
root stocks. Leaves are floating, large, circular with a slit from the edge to the centre. 
Veins fan out from the petiole joint. Rarely found in these ponds. 
Myriophyllum spicatum (eurasion millfoil); It is a submerged but attached, 
solely submerged plant with leaves arranged in 10 to 14 finely dissected whorls. 
Spikes raised 5-10 cm above water level. It is very rare in these water bodies. All 
these plants remain completely submerged in water. Stems are long and leaves 
generally small. 
Salvina auriculata: Rootless plant with floating leaves, oval to egg shaped at 
the tip and heart shaped at the base, 3-4cm long, covered with fine hairs in temate 
whorls. Two of the leaves are floating and third one is submerged. It usually hinders 
navigation and very rarely observed in these ponds. 
Azolla caroliniana (water velvet): It is a freely floating fern 2-3 mm wide 
green leaves banded together in scale like manner. Rootlets are on the underside and 
inconspicuous. Plant turns blood red on maturity. 
Eichhornia crassipes (water hyacinth): Very common, freely floating 
aquatic weed found in stagnant polluted water bodies. It is recorded throughout the 
study period near the shore line. Petioles may either be inflated like a bladder. 
Typha sp. (Cat-tails): These are 2 to 4 m tall, robust, grass like, emergent 
attached plants with jointless stem. Leaves are linear, 15 to 30cm long and 2 to 3cm in 
diameter. Cylindrical spikes resemble with tail of a cat and so the name. These are 
seen throughout the study period in the marginal areas of these ponds. 
Juncus sp.: It is grass like, about 1 m tall perennial, emergent, attached plant 
with creeping root-stocks. Leaves are pale green, appearing to continue above the 
inflorescence. Flowers bom on about 5 cm long peduncles, somewhat open and in flat 
topped clusters as against compact spikelets of the bulrushes. 
Lemna minor (common duck weed): A freely, surface floating macrophyte. 
Fronds are aibout 3 mm long with 3 inconspicuous nerves. Each frond with single 
underside root and marginal minute flower that produces seed. 2 to 5 fronds were seen 
often attached together. They were abundantly observed in these water bodies just 
after the monsoon period. 
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Elodea canadensis: It looks like a leaf due to very short intemodes. Leaves 
are in whorls. Upper leaves are 1-4 cm long, 5mm wide and in whorls of 4 to lower 
leaves opposite or in whorls of 4-7. Two to four flowers from single spathe raised 
above the water. Internodes are very short and give the plant a leafy appearance. 
Sagittaria sp. (Arrow heads): It is a shallow water plant with rosette of 
sheathing basal leaves and scape like stem from short rhizome or tubers, which are 
edible. Leaves are like arrowheads extending above the water. Flowers arise about 
30cm above the leaves. These are seen sometimes but very few in numbers. 
Phragmites karka (Giant reed): Culms 2-4.5 m tall with well developed 
rootstocks and some stolons. Penicles are large 14-45 cm long, purplish and silky. 
Wolffia Columbiana (water meal): Smallest plant fronds like globular 
particles of ground grain, about 1.5mm across, rootless. Flowers are minute, on the 
underside of fronds. 
Trapa bispinosum (water chestnut): These are floating annual submersed, 
60-100cm long. Sparsely branched cordlike stems. Roots are present at nodes. 
Submersed leaves are linear and the lowest ones are root like. Floating leaves are 
rhomboidal, dentate with black hair on the underside. Produces edible nuts 
underwater in leaf hollows. 
Pistia sp. (water lettuce): Free floating plants in these waters. Leaves 10-20 
wide, tongue shaped, yellowish green, pulpy with distinct veins. Roots fibrous. 
Unbranched from underwater stolons. Buoyancy accomplished through aerenchyma 
in leaves. In shallow waters the plants can adopt semi-rooted habit. 
Spirodela sp.: They are large duckweeds, fronds about 10-12 mm long with 
5-15 nerves and 4-16 roots. Usually purple in colour on the underside. 
Ceratophyllum demersum (common coontail or hornwort): Plants 1 to 2 m 
in length stem hollow with thread like brittle leaves. Leaves are in whorls, equipped 
with small thorns, upto 4 to 10 forked. 
Utricularia vulgaris (common bladderwort): Plants floating beneath the 
water surface. Stems upto 2.7 m long, branched and leafy. Leaves alternate, finely 
divided. Bladders on leaf segments, 1-2 mm across flowers yellow, on erect, 10-30 
cm tall scapes. Very common weed in these waterbodies. 
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AQUATIC IP"JSECTS: Insects, which are dominant terrestrial organisms, have 
reinvaded their ancestral habitat (Tonapi, 1980). They are highly specialized and 
colonized and adapted to almost every conceivable habitat (Pennak, 1978). Less than 
1 percent of total number of species occurs in or on water at some time during their 
life histories. Hemiptera and Coleoptera are the only orders have aquatic adults. Other 
orders like Plecoptera, Ephemeroptera, Odondata, Lepidoptera, Hynenoptera and 
Diptera have species represented in the aquatic environment at certain stage of their 
life cycle (Penriak, 1978). 
The idea of using the aquatic insects community to indicate the degree of 
pollution of a water body is based on the assumption that natural and undisturbed 
aquatic ecosystem have a greater diversity of species (Roy and Munshi, 1993). Insect 
fauna in various waterbodies have been recorded in some detail by CICFRI, in India 
for two purposes: 
(i) to complete a list of insect fauna that occurs in aquatic environment, and 
(ii) to list such insects that form food for the carnivorous and omnivorous fish 
species. 
Following insects sp. were encountered during the course of study:-
Baetis sp: Commonly known as mayfly. Their adults are terrestrial but are 
found in the vicinity of fresh water bodies in which immature stages are passed. These 
flies are represented by their nymphs in the ponds under study. Nymphs generally 
feed on aquatic algae. Adult may flies are very good food for birds and fishes 
(Tonapi, 1980). 
Hebrus sp. (velvet water bug): These are minute hemipterans (1.5-2.5 mm 
size) often seen along the margins of these ponds. The body is covered with a dense, 
velvety water resistant hairy pile. They feed on small insects. 
Hydrometra sp. (Marsh Treaders or water measures): They are slender 
brownish hemipterans with long body, large legs, and antennae. These are very 
abundant on the margins of these ponds. They are found walking slowly on the shore, 
on the leaf of floating vegetation and even on the surface of the water. These narrow 
stick-like insects are seen during post-monsoon and post winter months in all the three 
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waterbodies. More abundant in ponds I & II and less abundant in pond III. They feed on 
small metazoans. 
Salda sp. (Shore bugs): These are not truly aquatic but live on the shore and 
remain in the close vicinity of these ponds and enter into the waterbodies to feed and 
breed. These are commonly seen during different months in all these ponds. They are 
surface feeders and probably feed on larvae and pupae of dipteran insects. Widely 
distributed throughout the world (Tonapi, 1980). 
Notonecla sp. (Back swimmers): They are among the best known water bugs. 
They are truly aquatic and remain submerged except when in flight (Permak, 1978). In 
resting position, they lie on their backs while the top of abdomen is kept in contact with 
the atmosphere. These are voracious feeder attacking fry of fishes, small tadpoles and 
young crustaceans etc. Notonectids are very common in each season but they are seen 
more during post-monsoon and post-winter months. 
Ranatra sp. (water scorpions): They are commonly known as water scorpion as 
they resemble scorpions. They are found clinging and crawling to the various submerged 
aquatic plants, some times inhabiting the bottom of the ponds. Though they are provided 
wings but rarely ever fly. They prey on insects, crustaceans and other small arthropods. 
Corixa sp. (Water boatmen): They occur everywhere in the shallow waterbodies 
where they spend most of the time resting on the bottom. These are small and 
superficially resemble to Notonecta sp., but unlike them, they swim quickly in normal 
way. Their occurrence in these ponds is common but they are most abundant during 
rainy season and provide excellent food material to a variety of fishes. Feed mostly on 
debris and variety of algae, protozoans and microscopic metazoans (Pennak, 1978). 
Cybister sp. (Diving beetles): These predaceous diving beetles are found mostly 
on the bottom of these ponds. The shape of the body is oval, elliptical or circular, 
sometimes tapering at the ends during different stages of their lifecycle. The body has 
hard covering and elytrae are shiny, glossy, with different colour patterns, striated and 
smooth. Both lairvae and adults are predacious and suck juice from the body of the prey 
with the help of sharp and grooved mandibles. 
Sternolophus sp. (Water scavanger beetles): They are commonly found on the 
shores of these waterbodies. Their hind legs are flattened and moved alternately for 
swimming but they usually crawl on aquatic vegetation. Larvae are carnivorous but the 
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adults are herbivorous (Tonapi, 1980). They form a major portion of the omnivorous fish 
diet. 
Tendipes sp. (Chironomid midges): Their larvae are commonly found in the 
bottom of these water bodies. They are elongated, cylindrical, slender and red in colour. 
The red colour is due to the presence of dissolved haemoglobin in the blood and, 
therefore, called blood worms. They occur every where in all types of fi-esh waters. The 
larvae are chiefly herbivorous and feed on algae, higher aquatic plants and organic 
detritus. They also form an important item in the food of young and adult fishes (Pennak, 
1978). 
FISH FAUNA: Fish are often neglected by limnologists despite their commercial value 
and ecological importance at the apex of most aquatic food webs. They possess great 
diversities in their habitat and habits (Goldman and Home, 1983). Fresh water fishes 
constitute the most conspicuous component of inland aquatic fauna. They exist and occur 
in all kinds of hydrographic media. In such a vast country, like India, they have been 
recorded and described with different adaptations to manifold climate tracts (Tonapi, 
1980). Fish are an integral component of fi-esh water ecosystems and feed on variety of 
food organisms, from small to large size and have marked effect on plankton 
composition and productivity. This fact influences the species composition of 
phytoplankton and, consequently, productivity at primary level (Wetzel, 1983). 
Certain fish, such as carps, have omnivorous feeding habits and can be very 
effective in modifying the littoral substrata to the point where many submerged 
macrophytes are eliminated. Such feeding activities disturb the sediments and increase 
turbidity resulting in decline of phytoplankton productivity and transparency. 
The commonly occurring fish species in these ponds are Channa punctatus, 
Wallago attu, Catla catla, Cirrhina mirgala, Labeo rohita, Colisa fasciatus, Esomus 
danricus, Clarias batrachus, Heteropneustes fossilis, Puntius sophore and Gambusia 
affinis. 
AH these species showed wide variations in their population density as observed 
by the local fishermen and the anglers who use these waterbodies for their earnings and 
recreation purposes respectively. 
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Table 10 
Statistical Briefs of Various Water Quality Parameters in Ponds I, II and III. 
Parameters 
Air Temperature vs 
Water Temperature vs 
Transparency vs 
Parameters 
Water Temperature 
Turbidity 
Dissolved oxygen 
Total Solids 
pH 
PO4-P 
NO3-N 
Silica 
NH3-N 
Phytoplankton 
Turbidity 
Total Solids 
Total Suspended Solids 
pH 
Ponds 
I 
II 
ni 
I 
n 
m 
I 
II 
III 
I 
n 
m 
I 
n 
m 
I 
II 
III 
I 
II 
III 
I 
II 
in 
I 
II 
III 
I 
II 
III 
I 
II 
ni 
I 
11 
m 
I 
II 
III 
I 
II 
III 
Coefficient of 
Correlation 
'r' 
0.991 
0.992 
0.964 
-0.568 
-0.391 
-0.633 
0.071 
-0.307 
0.485 
0.501 
0.576 
0.658 
-0.661 
-0.204 
0.620 
0.328 
0.331 
0.794 
0.532 
0.674 
0.537 . 
0.549* 
0.462 
0.551 
0.694 
0.673 
0.675 
0.036 
-0.136 
-0.170 
0.876 
0.876 
0.923 
-0.800 
-0.890 
-0.659 
-0.735 
-0.685 
-0.514 
0.425 
-0.188 
-0.653 
Significance 
at 
5% level 
•y 
•y 
•y 
V 
-
•y 
-
-
-
s / 
y 
y 
y 
-
y 
-
-
y 
y 
y 
y 
y 
-
y 
y 
y 
y 
-
-
-
y 
y 
y 
y 
y 
y 
y 
y 
y 
-
-
y 
Table 10 (contd.) 
Statistical Briefs of Various Water Quality Parameters in Ponds 1,11 and in. 
Parameters 
Turbidity 
Dissolved Oxygen vs 
Total Dissolved Solids vs 
pH vs 
Total Alkalinity vs 
Parameters 
Total Solids 
Total Dissolved Solids 
Total Suspended Solids 
pH 
Phytoplankton 
Zooplankton 
PO4-P 
NO3-N 
Silicate 
Phytoplankton 
Carbonate 
Bicarbonate 
Carbonate 
Phytoplankton 
Ponds 
I 
11 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
1 
II 
III 
I 
II 
III 
I 
II 
III 
1 
11 
111 
I 
11 
111 
Coefficient of 
Correlation 
(r value) 
-0.935 
-0.910 
-0.582 
-0.423 
-0.338 
-0.627 
-0.756 
-0.659 
-0.474 
0.283 
0.545 
0.905 
0.738 
0.570 
0.004 
0.792 
0.900 
0.043 
0.021 
0.352 
0.676 
-0.596 
0.094 
0.218 
-0.247 
0.162 
0.454 
0.505 
-0.081 
-0.436 
0.334 
0.534 
-0.207 
0.888 
-0.959 
-0.173 
0.797 
0.695 
0.950 
0.595 
0.298 
0.415 
Significance 
at 
5% level 
s / 
V 
•y 
— 
— 
V 
v / 
V 
-
-
v / 
v / 
s / 
^ 
-
s / 
v / 
-
— 
N / 
^ 
-
-
-
— 
v / 
-
-
-
s / 
s / 
s / 
-
s / 
^ 
•y 
v / 
-
-
Table 10 (contd.) 
Statistical Briefs of Various Water Quality Parameters in Ponds I, II and III. 
Parameters 
Hardness vs 
PO4-P vs 
NO3-N vs 
Myxophyceae vs 
Parameters 
Zooplankton 
Calcium 
Magnesium 
Sulphate 
Phytoplankton 
Phytoplankton 
Zooplankton 
Phytoplankton 
Zooplankton 
Chlorophyceae 
PO4-P 
NO3-N 
NO2-N 
Water Temperature 
Ponds 
I 
11 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
Coefficient of 
Correlation 
(r value) 
0.611 
0.871 
-0.176 
0.837 
0.625 
0.156 
0.733 
0.528 
0.071 
0.449 
0.593 
-0.183 
-0.273 
-0.317 
0.555 
0.614 
0.335 
-0.327 
0.149 
-0.261 
-0.205 
0.422 
-0.422 
0.214 
-0.204 
0.166 
-0.477 
-0.348 
-0.135 
0.201 
0.601 
0.358 
-0.220 
0.247 
0.083 
0.320 
0.114 
0.228 
0.473 
0.543 
0.178 
0.075 
Significance 
at 
5% level 
s / 
s/ 
-
s / 
v / 
-
•y 
V 
-
-
s / 
-
-
-
•y 
s/ 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
s / 
-
-
-
-
-
-
— 
v / 
-
-
Table 10 (contd.) 
Statistical! Briefs of Various Water Quality Parameters in Ponds I, II and III. 
Parameters 
Chlorophyceae vs 
Bacillariophyceae vs 
Copepoda vs 
Net Primary Productivity vs 
Parameters 
PO4-P 
NO3-N 
Alkalinity 
Silica 
Water Temperature 
Rotifera 
PO4-P 
NO3-N 
NO2-N 
NH3-N 
Silica 
Calcium 
Dissolved Oxygen 
Transparency 
Ponds 
I 
n 
HI 
I 
n 
III 
I 
11 
III 
I 
n 
III 
I 
II 
III 
I 
II 
III 
I 
11 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
11 
III 
I 
II 
III 
1 
II 
III 
1 
II 
in 
Coefficient of 
Correlation 
(r value) 
0.104 
0.172 
-0.544 
0.045 
-0.469 
-0.536 
0.504 
0.452 
0.400 
0.802 
0.758 
0.177 
0.659 
0.441 
0.338 
0.635 
0.615 
0.444 
0.111 
0.693 
0.106 
-0.361 
0.279 
0.223 
0.002 
-0.235 
0.780 
0.136 
0.237 
0.656 
-0.406 
-0.075 
0.186 
0.114 
0.044 
0.702 
-0.005 
0.401 
0.079 
0.414 
-0.291 
-0.251 
Significance 
at 
5% level 
-
-
s / 
-
-
V 
s / 
-
-
s / 
•y 
-
s / 
-
-
v / 
x / 
-
-
s / 
-
-
-
-
-
-
s / 
-
-
V 
-
v / 
-
-
-
-y 
-
-
-
-
-
-
Table 10 (contd.) 
Statistical Briefs of Various Water Quality Parameters in Ponds I, II and III. 
Parameters 
Chlorophyll -a vs 
Community Respiiration vs 
Phytoplankton vs 
Gross Primary Pro(iuctivity vs 
Parameters 
Water Temperature 
Phytoplankton 
Chlorophyll -a 
Phytoplankton 
Zooplankton 
Zooplankton 
Magnesium 
Chloride 
Carbonate 
Total Suspended Solids 
NO2-N 
Phytoplankton 
Chlorophyll -a 
Ponds 
I 
II 
III 
I 
II 
ni 
I 
II 
III 
I 
II 
ni 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
11 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
11 
111 
I 
II 
111 
Coefficient of 
Correlation 
'r' 
0.302 
0.243 
0.251 
-0.345 
0.215 
0.617 
-0.060 
0.370 
0.611 
0.253 
0.895 
0.949 
0.675 
0.368 
0.584 
0.969 
0.554 
-0.512 
-0.144 
0.038 
0.444 
-0.255 
0.476 
0.474 
0.670 
0.671 
0.452 
0.152 
0.428 
-0.277 
-0.352 
-0.107 
0.717 
-0.077 
0.549 
0.834 
0.220 
0.684 
0.873 
Significance 
at 
5% level 
-
-
-
— 
•y 
-
-
V 
-
s/ 
V 
v 
-
•y 
v / 
s / 
N / 
-
-
-
-
-
-
•y 
y 
-
-
-
-
-
-
V 
-
y 
V 
-
s/ 
•y 
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Fig. 8. Monthly variations in Phytoplankton (No./ml) and Zooplankton (No./L) in the 
Pond I, II and III. 
Table 10 (contd.) 
Statistical Briefs of Various Water Quality Parameters in Ponds I, II and III. 
Parameters 
Chlorophyll -a vs 
Community Respiration vs 
Phytoplankton vs 
Gross Primary Productivity vs 
Parameters 
Water Temperature 
Phytoplankton 
Chlorophyll -a 
Phytoplankton 
Zooplankton 
Zooplankton 
Magnesium 
Chloride 
Carbonate 
Total Suspended Solids 
NO2-N 
Phytoplankton 
Chlorophyll -a 
Ponds 
I 
II 
ni 
I 
11 
ni 
I 
II 
in 
I 
II 
m 
I 
II 
III 
I 
II 
UI 
I 
n 
III 
I 
n 
III 
I 
II 
III 
I 
II 
III 
I 
II 
III 
I 
11 
III 
I 
11 
III 
Coefficient of 
Correlation 
'r' 
0.302 
0.243 
0.251 
-0.345 
0.215 
0.617 
-0.060 
0.370 
0.611 
0.253 
0.895 
0.949 
0.675 
0.368 
0.584 
0.969 
0.554 
-0.512 
-0.144 
0.038 
0.444 
-0.255 
0.476 
0.474 
0.670 
0.671 
0.452 
0.152 
0.428 
-0.277 
-0.352 
-0.107 
0.717 
-0.077 
0.549 
0.834 
0.220 
0.684 
0.873 
Significance 
at 
5% level 
-
-
-
-
-
sy 
-
-
s / 
-
s/ 
sy 
•y 
-
-y 
y 
y 
y 
-
-
-
-
-
-
y 
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-
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-
y 
-
y 
y 
-
y 
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CHAPTER -XI 
UTILIZATION OF THE PONDS FOR FISH CULTURE 
Fresh water bodies are among the most productive life support systems in the 
world and are of immense ecological importance for survival of natural biodiversity. 
By virtue of natural functioning, they play a very important role in the improvement 
of water quality, removal of sediments, production of O2, recycling of nutrients, 
control of flood etc. 
In ouir country there are so many derelict fresh water bodies in the form of 
tanks, ponds, swamps and flood plains. These ecosystems, if managed properly, can 
support fresh water culture fisheries in the country, provide livelihood to large 
number of fisherman and, therefore, can contribute significantly to the total inland 
fish production. 
The fisheries of these derelict fresh water bodies are poorly developed. It is 
represented by minor carps, catfishes and certain air breathing fishes only and big 
commercial fishing is absent. The reasons are the slow rate of growth, low catch and 
inadequate management. In the Indo-Gangetic plains, the commercial fishery is 
dominated by major carps, catfishes and some air breathers. For obtaining high fish 
yield from these derelict fresh waters, adequate management practices are needed. 
These management practices differ from system to system and region to region e.g. 
the management approach in case of high mountain water bodies will differ from 
those located in plains. The mountain freshwater bodies are ecologically short food 
chain systems, mostly oligolrophic and with few plankton and benthos populations. 
On the other hand, the fresh water bodies in plains where the climatic conditions are 
not very harsh, range from mesotrophic to eutrophic in nature (Vass, 1995). These can 
be very well (Exploited for obtaining sustainable fisheries. It is said that comparative 
higher rate of primary production in these derelict freshwater bodies in the plains can 
be channelised into fish biomass by proper stock adjustment and adopting adequate 
management methods. The stocking density and species combination can be based on 
production potential food spectrum of each water body. At the same time efforts 
should be made to conserve the breeding grounds for the local varieties. For fishery 
i l l 
management and to obtain high yield from these derelict water bodies the following 
aspects are to be taken into consideration: 
Weed control: Almost all-derelict water bodies in the Indo-Gangetic plains, 
including the present ones, are generally infested with rooted, submerged and free 
floating weeds, which in the long run may cause swampyfication. These aquatic 
weeds have been reported as menace to fisheries, as they prevent harvesting, they 
remove larg<; quantities of nutrients fi-om the water, after death and decomposition 
they raise the BOD of the water body thereby help in depleting D.O., sometimes form 
algal- blooms causing congestion and chocking resulting in the death of culture fish, 
they provide escape cover to low value air breathing and predatory fishes and 
sometimes their filaments (e.g. filamentous algae) entangled in the gills of fishes 
causing suffocation resulting into death. While submerged weeds can be biologically 
controlled by using certain herbivorous fishes in the fish culture practices, the floating 
aquatic weeds, like water hyacinth, have to be irradicated through other means. For 
smaller water bodies, manual or mechanical methods of removal can be used, but for 
larger ones technology demands a combination of both mechanical and chemical 
means. Under biological control of submerged weeds, generally indigenous and exotic 
herbivorous fishes like, Puntius punchellus, P. dobsoni and Ctenopharyngdon idella 
are used. The former two species are endemic to India, while the last one is an exotic 
form. 
Control of unwanted fish species (Predatory weedy fishes): Weed fishes are 
those, which are uneconomic, small sized that naturally occur and breed in the ponds 
or accidentally introduced in the ponds. Since, these unwanted fishes create problems 
in the aquaculture practices, their removal is must. The common methods to remove 
them is the repeated drag netting but some of them, like murrels, climbing perch and 
certain air breathing fishes which burrow themselves in the bottom soils can not be 
caught easily. In such cases the best method is to remove them by draining, the water 
out of the pond completely. In this way the water body can be cleared completely 
from such fishes. In addition, certain plant derivatives and organic chemicals are also 
used for their removal. Among plant derivatives, herbs, derris powder with 5% 
rotenone is commonly used. Rotenone is a plant product widely used in aquaculture 
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(Jhingran, 1991). Other plant poisons used, are Safedsirri (Albizziaprocera), Nogdona 
tithwan (Artemisia vulgaris), Akhrot (Juglans regia) and Kuchla (Strychnos 
nuxvomica). Besides these, seed powder of some plants, seed cakes (tea seed cake) 
and oil cakes {Mahua oil cake) are used for killing unwanted fish species. Among 
organic chemicals the most common are Aldrin, Dieldrin, and certain 
organo-phosphates. 
Control of Aquatic Predatory Insects: Aquatic predatory insects form about 
less than 4% of total insect fauna of the world (Pennak, 1978). Nursery and rearing 
ponds generally inhabit large number of aquatic predatory aquatic insects, especially 
during and after rains. Most of them, either in their larval stage or adult stage, prey 
directly upon carp spawn and fry and some of them compete with the fiy for food. 
There are 11 orders of class insecta comprising aquatic forms. Among them, members 
of orders Coleoptera, Hemiptera, Odonata are of great significance and importance. 
Among Cokjoptera, diving bettles (Cybister sp.) and water scavenger bettles 
{Sternolophus ruffipes) are important. They feed on fish spawn and all kind of aquatic 
metazoans including small fishes. Among hemipterans, the back swimmers 
(Notonecta), giant water bugs {Bellostoma indica) and water scorpions {Nepa sp.) are 
predatory in nature and cause heavy loss to carp fry and spawn. Among Odonata, 
dragonfly nymphs are aquatic and predatory in nature and cause damage to carp fry 
and spawn. These aquatic predatory insects multiply very rapidly between initial 
poisoning and stocking of the pond. Many of them also fly fi-om pond to pond, thus a 
pond, which has been cleared from the population, is soon repopulated with insects. 
Therefore, for effective control certain insecticides, which have capability to kill the 
insects but not the plankton, are used. They include emulsion of mustard and coconut 
oil with a cheap washing soap, oil of Alexendrian lorel {Calophyllum inophyllum) 
tit. 
along with Gammexene and emulsion of high-speed diesel oil, hwxide and water 
(Jhingran, 1991). 
Manuring: In order to supplement natural fertility of the water body, it is 
necessary to apply some fertilisers which help in enhancing natural productivity 
through providing essentially needed nutrients, minerals, vitamins required for the 
production of aquatic biota particularly plankton. Before applying fertilizers, it is 
li: 
desirable to use lime as it supplies calcium, one of the essential nutrients. Other uses 
of lime include correction of acidity of both bottom soil and water, speeding up the 
decomposition of organic matter thereby releasing CO2 from bottom sediments, in 
raising the bicarbonate contents, establishment of strong pH buffer system, which 
prevents wide fluctuations in the pH of water and through its toxic and caustic actions 
kills bacteria as well as fish parasites in their life history stages. Among fertilizers, the 
most common are phosphate fertilizers (like super phosphates), nitrogenous fertilizers 
(sodium nitrate, ammonium sulphate, ammonium nitrate, urea etc.) potassium 
fertilizers (potassium nitrate and pottasium sulphate) organic fertilisers like liquid 
manures and farm yard manures, sewage and activated sludge. In addition, soybean 
meal, cottonseed meal, mustard oil cake, mahua oil cake, green manure and compost 
are also used for manuring the culture ponds along wdth certain inorganic fertilizers. 
Stocking: Stocking should be done with selected species of fishes in particular 
combinations. A desirable combination of four species of fishes is Catla 3, Rohu 1, 
Mirgal I and Common Carp 2. In the case of 6 species combination the Catla 1, Silver 
Carp 2, Rohu 3, Grass carp 1, Common Carp 1 and Mirgal 1 are used (Jhingran, 
1991). Higher production is generally obtained with the species combination of the 
Indian and exi3tic fish species. The rate of stocking is computed from the following 
formula given by Jhingran (1991). 
total expected increase in weight 
No. of fishes to be stocked per Unit area = + mortality 
expected increase in weight of 
indyiadual fish 
The number of fingerlings to be stocked also depends upon the size of fingerling. 
Auto-stocking: The sustainable development of commercial fisheries in these 
derelict waterbodies would involve a recurring expenditure on the collection of spawn 
and its transport for stocking. Auto stocking of I.MX!.y during floods in such 
waterbodies, therefore, is the only viable alternative for their quick and profitable 
development. For this their effective management is a pre-requisite. The operation of 
sjjce gates, wherever installed, is to be oriented in such a way as to facilitate the entry 
of brood fish and juveniles into the water body proper (Vass, 1995). 
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Supplementary feeding: Fertilization and natural food alone cannot help in 
obtaining high production of fish. To achieve this, it is necessary to provide some 
supplementaiy food to the fish in the culture ponds. A mixture of powdered oil cake 
of either groundnut, mustard, til or coconut with an equal weight of sieved rice or 
wheat bran is generally given at different rates as recommended by CIFA 
(Bhubneshwiir). Grass carp, if stocked, may be fed with aquatic weeds such as 
Hydrilla, Najas, Spirodella, Lemna and Ceratophyllum etc. 
Bio-manipulation: A proper understanding of the complex relationship of the 
food chain ajid patterns of energy flow in these water bodies will help in formulating 
policies for stocking. In general, there are two main routes through which energy 
flows in the aquatic ecosystem viz. grazing food chain and detritus food chain. Taking 
into consideration the vast load available in these derelict waterbodies and also the 
eutrophic chiiracter of these waterbodies, one may expect a continuous high rate of 
production by stocking a detritus-oriented fishes such as Cirrhinus mrigala, C. reba, 
Labeo rohita and L. bata. Nevertheless, the cascading effects of biomanipulations at 
different trophic levels need to be evaluated carefully. The sustained fisheries in these 
derelict water bodies require both micro and macro-planning. As the micro-planning 
approach is essentially project oriented, the macro-planning is divided into sector 
development. The major issues under sector development include cooperative 
development, credits and subsidiary schemes, technology transfer, changes in lease 
period policy, marketing, human resources development, insurance schemes and 
socio-economic considerations. Spawning areas of the fish need to be conserved and 
improved. Restricting the grazing pressure of animals along the catchment and regular 
planting of the nuded areas should be done. This will help in checking erosion, 
nutrient retention and reducing silt load into the system. The manipulation of biotic 
communities can be tried to obtain reasonable biological productivity from these 
derelict water bodies and subjected to a desirable level of exploitation. 
Pen and Cage Culture: In recent years new culture systems have emerged. 
Of these, mention may be made of pen and cage culture. In India at CIFA, 
Bubneshwar, pen and cage culture has been field-tested for fry and fingerlings rearing 
in reservoir and to culture table size fish in these derelict waterbodies. 
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CONCLUSIONS 
These derelict water bodies are valuable national resource and aquaculture is 
At present these ponds have a limited capacity for holding fish crop and their productivity 
is almost constant. But, by using management practices we can increase it to a greater 
extent. The state fisheries department, district administration and the village 
administration reserve the right to auction depending on the size and ownership of the 
water body. In these water bodies, intensive fish culture, if practiced, would be profitable 
and a production of approximately 5 - 10 t of fish can be achieved easily from one 
hectare of pond. In addition, they can also be used for integrated fish farming using 
Makhana or Trapa as other crop. 
require under rational developmental measures to use tnese aereiict water ooaies loi 
fish culture. 
Stocking: To achieve the proposed harvestable fish yield of atleast 
500 kg/ha/amium or more, the water bodies need to be stocked with fast growing fish 
species. It is suggested that a stocking density of 5000 No/ ha of advanced fmgerlings 
(> 4 inches) be followed. In view of the greater dominance of carnivore fish species 
like Wellago attu and other cat fishes in these derelict water bodies, stocking of 
fmgerlings > 4 inches is a full time exercise. These waterbodies have high infestation 
of aquatic weeds and so have very rich periphyton and rich detrital load at the mid 
column and the bottom respectively. These are important components of the food 
chain largely when in under utilized it is, therefore, suggested that the water body is 
stocked with Indian Major Carps (IMC) in the ratio of Labeo rohita-2, Cirrhinus 
mrigala-2, Catla catla-1. The migratory and resident variety of birds are the important 
component of these waterbodies as they help in maintaining the ecological balance by 
consuming forage fishes and providing nutrients. It is, therefore, also proposed that 
killing of birds be banned by enforcing suitable measures. 
Conservation and Management: All water resources including shallow 
derelict water bodies have enormous social values. Besides, they provide substantial 
amount of food of both plant and animal origin. They also act as habitats for many 
plants and animals including threatened and endangered species. Their role in 
agriculture and irrigation, flood control, ground water recharge, water pollution. 
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filtration and sediment trapping, soil protection from erosion, food production and 
over and above as water reservoir is notable and need no mention. These 
environmental benefits also provide many social benefits like recreation, open space, 
aesthetic and economics. As we must be aware that these ecosystems are not entirely 
closed, they will interact with and be influenced by surrounding ecosystems. External 
influences arising from outside the adaptive boundaries will continue to be important 
and must be taken into account. 
Management generally involves activities that can be conducted within and 
around aquatic ecosystems, both natural and manmade to protect, restore, manipulate 
or provide for their functions and values. The management goal for urban waterbodies 
is generally constrained by regulatory and other governmental programmes. However, 
two major facets of managing wetlands for protection include buffering wetlands 
from direct human pressure and maintaining natural process in surrounding lands that 
affect wetlands and that may disrupt human activities. The major objectives of 
management of these derolict waterbodies, under study, are restoration from 
eutrophication, commercial fish production, water sports, eco-development and 
eco-tourism. Several management methods have been suggested for the restoration or 
recovery of lentic waterbodies (Sinha 2001). These are as follows: 
i) Reduction in external and internal loading, 
ii) Biomanipulation to create clear water condutions in the summer, 
iii) Re-establishment of macrophytes on the marginal areas only, and 
iv) Stabilization of the lake ecosystem, including the re-establishment of 
appropriate fish population. 
Zalewski (1999) has also suggested the eco-hydrological approach in lake 
restoration, which regulate water and biota dynamics. Although, several mechanisms 
have been suggested for the maintenance of macrophyte communities in restored 
lakes, the importance of interactions between fish, zooplankton and macrophytes is to 
be established in the process of restorations (Perrow et al., 1997, 1999). Although the 
process of eutrophication is a natural phenomenon, its rate in nattire is extremely 
slow. However, it is accelerated by pressure generated from dense human population 
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in urban areas. All these ponds are sewage fed and can be utilized for sewage fed fish 
culture. 
Planners need to be able to identify activities, which are possible in different 
water bodies, and at what intensities. Research related to such waterbodies is essential 
as a basis for sound science including more studies of applied problems. These might 
include studies on the importance of individual waterbodies in fish production, the 
hydrobiological and ecological functions, the impact of waste disposal upon the 
productivity, traditional system of their use, the impact of change in traditional land 
use controls upon the resources, the impact of population change and climate change 
upon these and other critical characteristics. Rural communities are dependent upon 
these and these are overused to meet their basic family need. Project activities should 
be designed to assess the concerned communities and to find solution for their 
economic and resource management problems. 
SVMMA^ 
SUMMARY 
Water is an integral constituent of life and one of the most important natural 
resources. Aligarh is richly supplied with freshwater bodies of various kinds. Present 
study is undertaken to assess the limnological status and the use of some derelict 
water bodies for fish culture. The selected water bodies are man-made and have come 
up due to mining operations for house and road construction. Two water bodies 
(ponds I and II) are located in the Jawa town about 13 km from the University campus 
and the third one (pond III) is located about 5 km away from the campus. Aligarh 
experiences the tropical monsoon type of climate with marked North-East and 
South-West monsoons. 
Wide seasonal fluctuations in transparency and turbidity values are noted in 
these derelic;t waterbodies. In ponds, under study, secchi disc transparency ranged 
from 9.0 to 38.5 cm. The measurement of turbidity is taken as percent transmission. It 
ranged between 14.0 to 86.0 % T in different ponds during different periods. TS 
ranged from 960- 4000 mg/L in these water bodies. High concentration of TS during 
monsoon months, both in ponds I and II was contributed mainly by higher TSS, 
whereas in pond III higher values of TS during summer and other months were found 
to be due to higher TDS and TSS both. Minimum values of TDS (530 mg/L, 225 
mg/L and 1500 mg/L in ponds I, II and III respectively) were recorded during 
November, 2000. 
Water temperature varied in accordance with air temperature. It ranged from 
14.0 to 35.0 °C in Pond I, 14.5 to 36.0 °C in Pond II and 15.0 to 36.0 °C in pond 
III. The minimum water temperature in these ponds was recorded during February, 
2001, and maximum during June and July, 2000. Cold, dry and hot wind waves bring 
variations in air temperature during different seasons. 
Dissolved oxygen content of the pond varied from 2.2-8.4 mg/L. Pond I 
showed minimum (4.0 mg) concentration in March, 2001 and maximum (8.4 mg/L) in 
January, 2001, while pond II showed minimum D.O. (2.6 mg/L) in November, 2000 
and maximum (7.2 mg/L) during January, 2001. In pond III, minimum D.O. 
(2.2 mg/L) was recorded during February, 2001, and maximum (6.4 mg/L) during 
April, 2001. The fluctuations in D.O. content are related to number of factors such as 
temperature, rate of photosynthesis and phytoplankton density (No./L). 
The pH in these water bodies fluctuated from 8.3 to 9.3 throughout the course 
of study. Pond I showed minimum pH (8.3) during June-August and October, 2000 
and maximum (9.1) in the month of March, 2000 and January, 2001. Pond II showed 
minimum pH (8.3) during May, 2000 and February, 2001, and maximum (9.1) during 
January, 2001. Pond III showed minimum pH (8.3) during February, 2000 and 
January, 2001 and maximum pH (9.3) during May, 2001. pH depends on the amounts 
of carbonates of calcium and magnesium and carbon dioxide tension in water. When 
photosynthesis is enhanced, carbon dioxide is removed and, hence, pH is raised. pH in 
these waters showed positive relationship with carbonates except in pond III, which 
might be due; to decomposition and respiration of the biota. Since these water bodies 
are highly subjected and prone to local disturbances, exhibit higher degree of 
fluctuations. 
In these ponds, alkalinity is contributed by carbonates, bicarbonates and 
hydroxides. Total alkalinity values ranged between 67 to 400 mg/L. In pond I 
minimum value (170 mg/L) was recorded during March, 2001 and maximum 
(400 mg/L) during March, 2000 in Pond I. Pond II showed minimum (128 mg/L) 
during August, 2000 and maximum (389 mg/L) during March, 2000, whereas Pond 
III showed minimum (67.0 mg/L) during March, 2000 and maximum (244 mg/L) 
during December, 2000. Total alkalinity was always found greater than 60 mg/L and 
thus, they cem be considered nutrient rich ponds. 
Carbonate alkalinity was recorded in all the samples collected from these 
derelict water bodies throughout the period of investigations. It varied from 8.0 to 
176 mg/L (Table). In the pond I, the minimum carbonate alkalinity (32.0 mg/L) was 
recorded in the month of November, 2000 and maximum (94.0 mg/L) in the month of 
March, 2000 when total alkalinity was highest. Pond II showed minimum values 
(8.0 mg/L) in the month of November, 2000 and maximum (64.0 mg/L) in March, 
2000 again when total alkalinity was highest. Pond III showed minimum (58.0 mg/L) 
carbonate alkalinity during March, 2000 and maximum (176.0 mg/L) during the 
December, 2001. The fluctuations in the carbonate alkalinity were mainly due to 
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photosynthetic activity of the algae and green plants inhabiting the ecosystem. During 
photosynthesis bicarbonates are broken down and carbonates are released. 
Statistically, significant positive relationship was obtained between phytoplankton 
number and carbonate concentration. 
Bicarbonate alkalinity was always found in these ponds, except in pond III 
during some months of the investigations when OH" alkalinity was present. In pond I, 
it ranged between 135.0 to 306.0 mg/L, being maximum in March, 2000 and 
minimum in March, 2001, whereas in pond II, values varied from 94.0 to 340.0 mg/L, 
being minimum during August, 2000 and maximum during February, 2000. Pond III 
showed totally different pattern of bicarbonate alkalinity. Presence of half bound 
carbon dioxide (bicarbonates) in these ponds indicates that phytoplankton utilized 
significant amount of bicarbonates as a carbon source in the absence of free carbon 
dioxide for photosynthesis. 
The total hardness showed wide fluctuafions (140-500 mg/L) in these derelict 
water bodies. On the basis of hardness these water bodies can be classified under the 
category of 'hard water'. Higher values of hardness than alkalinity also indicate that 
hardness is mainly contributed by carbonates. Wide seasonal fluctuations were noted 
in calcium, magnesium, chloride and sulphate. Calcium was recorded in quite high 
concentration (24.06-120.24 mg/L). Magnesium showed a range of 8.80 to 56.03 
mg/L with high concentration during summer. All these ions were found to be 
contributed mainly from biogenic sources in these water bodies. Chloride fluctuated 
from 28.0 to 280.0 mg/L with maximum during summer, which might be due to 
evaporation of water leading to concentration of chloride at high temperature in ponds 
1 and II. Pond III showed an irregular pattern. Sulphates concentration in these water 
bodies varied from 28.00-117.77 mg/L. Higher values of sulphates are indicative of 
pollution. However, according to Moyle (1949), concentration below 300.0 mg/L has 
little or no effect on fish production. 
Phosphorus occurs in natural waters solely as phosphates, which acts as a 
primary limiting factor in lentic waters. Phosphate-phosphorus of these ponds showed 
considerable monthly variations. Its concentration ranged from 0.27 to 1.91 mg/L 
during the course of study. All these waterbodies showed minimum values in the 
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month of February, 2000 and maximum during summer, 2000. Maximum 
concentration was recorded as 1.74 mg/L for pond I and II (April, 2000) and 
1.91 mg/L for pond III (May, 2000). 
Ammonia-nitrogen ranged between 0.013 to 0.141 mg/L. Maximum values 
were recorded during summer and minimum during winters. Statistically, a significant 
and positive correlation was found between temperature and ammonia-nitrogen. 
Nitrate-nitrogen is one of the most stable form of nitrogen that enhances the 
growth of plankton, their density and primary production. Maximum concentration 
(0.20 mg/L) of NO3-N was noted during June, 2000 in pond I and pond II, while pond 
III showed highest value (0.23 mg/L) during August, 2000. Besides this, all the ponds 
showed low concentrations during winter months (O.IO mg/L, 0.05 mg/L and 
0.06 mg/L in the months of February, 2000, December, 2000 and February, 2000 in 
ponds I, II and III respectively). 
Nitrite-nitrogen is an unstable compound in the nitrogen cycle, recorded in 
the range of 0.03-0.58 mg/L, showing maximum values during May, 2001 in ponds I 
and III and during August, 2000 in pond II. 
Silica is an essential nutrient for diatoms that build their frustules of this 
glassy material. Silica content of these water bodies under study showed a range of 
0.07-1.31 mjj/L. Positive correlation between silica and diatoms suggests that silica 
was never found to be limiting factor for the development of diatoms. 
Phytoplankton mainly comprises algae as these have suitably adapted 
themselves to a planktonic mode of life. Following groups of planktonic algae are 
present in the order of abundance: 
Chlorophyceae > Myxophyceae > Euglenophyceae > Bacillariophyceae > 
Desmidiaceae in pond I, Myxophyceae > Chlorophyceae > Euglenophyceae > 
Bacillariophyceae > Desmidiaceae in ponds II and III. 
Spatially, maximum biomass of phytoplankton was recorded in pond I and 
minimum in pond II. All these ponds showed polymodal seasonal occurrence of 
phytoplankton. However, no clear-cut seasonal fluctuations were observed both 
temporally and spatially. It was noted that no single factor was responsible for the 
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production but a number of physical, chemical and biological factors were involved to 
bring cumulative effect. 
In the present study, Myxophyceae (Cyanobacteria) constituted the dominant 
group of phytoplankton. Maximum numerical strength (90 No./ml) was recorded in 
pond I, 72 No./ml in pond II and 96 No./ml in pond III during June, 2000, February, 
2001 and October, 2000 respectively, whereas minimum population of myxophyceae 
was recorded in pond I (20 No./ml) during February and December, 2000, in pond II 
(20 No./ml) during February, 2000 and in pond III (40 No./ml) during February, 2000 
and January, 2001. Spatially and temporally this group contributed maximum 
(63.38%) in pond III during August, 2000 and least (9.22 %) in pond I during 
January, 2001. 
This group was represented by Microcystis aeruginosa, Spirulina, Anabaena, 
and Agmenellum. Microcystis aeruginosa was most dominant and showed a 
continuous presence in all the samples. High myxophyceae growth might be due to 
some optimal combination of all interacting factors. 
Temporal variations in Chlorophyceae (green algae) were recorded in the 
range of 13 -116 No./ml in these water bodies. Spatially, its percent contribution was 
recorded highest (53.46 %) during January, 2001 in pond I and least (14.44 %) in 
pond II during December, 2000. In the present study, abundance of green algae during 
different months was attributed to hard and alkaline nature of water. Calcium was also 
present in good amounts that supported high density of chlorophyceae. 
Among recorded 10 genera Crucigenia, Ankistrodesmus, Scenedesmus, 
Chlorella and Protococcus in Pond I, Ankistrodesmus, Protococcus and Actinastrum 
in Pond II and Crucigenia, Ankistrodesmus, Scenedesmus, Protococcus and 
Tetraspora in Pond III were found throughout the study. The filamentous algae 
Spirogyra and Ulothrix, showed bimodal occurrence in ponds I and II. The genera, 
noted as absent during certain months, appeared when conditions became favourable. 
Euglenophyceae contributed maximum (46 No./ml) during January, 2001, in 
pond I, 38 No./ml during January, 2001 in pond II and 29 No./ml during January. 
2001 and May, 2001 in pond III. The minimum count (14 No./ml, 8 No./ml and 10 
No./ml) were recorded during May, 2001, November, 2000 and July, 2000 in ponds 1. 
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II and III respectively. Maximum percentage (31.46%) was noted in pond II during 
February, 2000 and minimum (8.00%) during July, 2000 in pond III. 
In the present study, euglenoids are represented by only two genera {Euglena 
spp. and Phacus sp.), throughout the study. The two species of Euglena {E. acus and 
E. deses) coexist without showing any competition and showed presence in good 
numbers through out the period of investigations. These water bodies being quite rich 
in terms of organic matter and ammonia-nitrogen, supported good population of 
euglenoids. 
In the present study, Bacillariophyceae (diatoms) ranged from 5 to 37 No./ml 
in all these water bodies. However, spatially and temporally, their maximum percent 
contribution (33.04%) was recorded in pond II during July, 2000 and minimum 
(4.23%) in pond I during February, 2000.High temperature along with silica 
concentration favoured the growth of diatoms. Statistically, diatoms showed a positive 
relationship v/ith both temperature and dissolved silica. This group was found to be 
represented by Navicula, Nitzschia, Amphora, Synedra, Diatoma and Cyclotella. All 
these have their own distribution pattern. Among these, Navicula was most dominant 
in ponds I and II and Nitzschia showed its dominance in pond III. 
In the present study, Desmidiaceae forms the least abundant group of 
phytoplankton and represented by only two genera, namely Closterium and 
Cosmarium, and their number fluctuated between 3-18 /ml. 
The freshwater zooplankton faima of these water bodies comprised of four 
major groups viz. Cladocera, Copepoda, Rotifera and Ostracoda. The total 
zooplankton number fluctuated from 48-122No./L in Pond I, 41-78 No./L in Pond II 
and 48-97 No./L in Pond III. Temporally and spatially, they contributed maximum 
during January ,^ 2001 in pond I and least during November, 2000 in pond II. 
Seasonal changes in zooplankton population in these ponds closely followed 
the same trend as that of phytoplankton, showing a significant positive relationship 
between these two groups of organisms in ponds I & II and significant negative 
relationship in case of pond III. 
In the present study, rotifers form the second most abundant group of 
zooplankton in pond I and third most abundant group of zooplankton in ponds II and 
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III. ranging from 7-38 No./L in Pond I, 6-21No./L in Pond II and 10-23 No./L in Pond 
III. This group contributed maximum (40 %) during June, 2000 in pond I and 
minimum (9.21 %) during March in pond II. Rotifers never followed any predictable 
pattern. These are damaged severely in the filtration apparatus by larger Daphnia sp. 
Moreover, other zooplankton pose stiff competition to rotifers for feeding as well as 
reproduction in an aquatic system. In the present study, rotifers are represented by 
Brachionus spp., Keratella sp., Testudinella sp., Lecane sp., Filinia sp. and Notholca 
sp. with dominance showed by Brachionus sp. 
In the present study, cladocerans contributed maximum (60.66 %) during 
January, 2001 in pond I and minimum (8.33 %) during August, 2000 in pond III. 
Dominance of cladoceran was mainly due to the fact that they respond immediately to 
increased nutrient level and due to relatively high population increase. Cladocerans 
were represented by Daphnia carinata, Moina micrura, Ceriodaphnia cornuta and 
Leptodora sp. Daphnia carinata was found to dominate and its presence was recorded 
throughout in these water bodies 
Copepods density showed fluctuations in all these ponds. Temporally and 
spatially this group contributed maximtim during March, 2000 in pond I, during April, 
2000 in pond II and during August, 2000 in pond III, whereas minimum values were 
recorded during November, 2000 in both ponds I and II and during January, 2001 in 
pond III. However, by percent, copepods contributed maximum (47.22 %) during 
monsoon (August, 2000) in pond III and least (7.69 %) during winter (December, 
2000) in the same pond. Copepods respond to high food availability and cause an 
increase in the production of their nauplii larvae. In the present study, copepods 
showed positive relationship with rotifers suggesting differential food preference. 
Copepodes were represented by only three genera, namely Mesocyclops leuckarti, 
Cyclops sp. and Diaptomus sp. Among these Mesocyclops sp. was found to be the 
most dominant and Diaptomus sp., the least in all the three ponds. 
Ostracods were represented by a single species, Cypris sp. It was found least 
(1-8 No./L) in surface waters, which might be due to its benthic nature. 
Eggs and Nauplii were recorded in quite good number throughout the period 
of investigation indicating that zooplankton are prolific and continuous breeders. 
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Nauplier stages were observed throughout the period of study that also show that 
reproduction in copepods was carried out throughout the year. 
Gross primary productivity (GPP), net primary productivity (NPP), 
community respiration (CR) and chlorophyll-a, values showed both temporal and 
spatial variations. Gross primary production was found to vary between 0.98-2.13 
gC/m^/hr in pond I, 0.64-1.86 gCW/hr in pond II and 0.68-2.10 gC/m^/h in pond III. 
The values for net primary production (NPP) in pond I varied between 0.38-1.41 
gC/m^/hi, with maximum in May, 2000 and minimum in January, 2001. Pond II 
showed variations between 0.11-1.43 gCW/hr with minimum in February, 2000 and 
maximum during April, 2001, whereas in pond III, the values varied between 0.12-
1.75 gC/m^/hr with maximum in May, 2001 and minimum in March, 2000. 
Community respiration (CR) was also found to fluctuate in different ponds during 
different months. Highest value of CR (0.82 gC/m'^ /hr) was observed in the month of 
January, 2001 in pond I and lowest (0.33 gCW/hr) in the month of April, 2001 in 
pond III. In the present study, high CR rate coincided with high zooplankton density 
and low CR with low zooplankton density. Therefore, it can be said that fluctuations 
in CR rate were in close agreement with the fluctuations in zooplankton density. 
Statistically, a significant positive correlation was obtained between CR rate and 
zooplankton density. In the present study, no definite trend in primary production was 
observed due to disturbances in the water body. Comparatively lower values of 
primary production during winters were due to low water temperature. Chlorophyll-a 
concentrations in these waterbodies, which is a measure of standing crop, fluctuated 
between 0.48-1.29 mg/L. Maximum values were recorded during January,2001 in 
pond I and minimum during November,2000 in pond II. GPP showed significant and 
positive correlation with phytoplankton in ponds II and III. Comparatively lower 
values of NPP than GPP indicated that phytoplankton lose an appreciable amount of 
simulated carbon during metabolic activities. 
Macrophytes were noted in quite good numbers. The macrophytes growing 
near the shoreline were found in small numbers due to grazing by cattle, but recorded 
more during monsoon and post-monsoon months, the periods of their highest 
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production. Following macrophytes were recorded from these waterbodies during the 
course of study: 
Nymphaea sp., Equisetum sp., Typha sp. (cattails), Phragmites sp., Juncus sp., 
Sagittaria sp., Salvina auriculata (Water fern), Azolla caroliniana (Water velvet), 
Eichhornia crassipes (Water hyacinth), Lemna minor (Common duck weed), Wolffia 
Columbiana., Trapa bispinosum (Singhara), Pistia sp., Spirodela sp., Hydrilla 
verticillata, Najas sp., Ceratophyllum sp., Elodea canadensis and Utricularia 
vulgaris (common bladder wort). 
Among the Insects, Baetis sp, Hebrus sp. (velvet water bug), Hydrometra sp. 
(Marsh treaders or water measurers), Salda sp. (Shore bugs), Notonecta sp. (Back 
swimmers), Ranatra sp. (water scorpions), Corixa sp. (Water boatmen), Cybister sp. 
(Diving beetles), Sternolophus sp. (Water scavenger beetles) and Tendipes sp. 
(Chironomid midges) were found to be common in these ponds. 
The commonly occurring fish species were Channa punctatus, Wallago attu, 
Catla catla, Cirrhina mrigala, Labeo rohita, Colisa fasciatus, Esomus danricus, 
Clarias batrachus. Meteropneustes fossilis, Puntius sophore and Gamhusia affinis. All 
these species showed wide variations in their population density as observed by the 
local fishermen and the anglers who used these derelict water bodies for their earnings 
and recreation purposes respectively. 
In the conclusion, one can say that these derelict water bodies are valuable 
national resource and aquaculture is an acceptable use of these water bodies for 
economic development but this activity should not be encouraged without prior 
knowledge of the limnological status of a particular water body. There is no serious 
ecological impact in allowing sustainable fishery, based on sound management 
principles, in these derelict water bodies. A wise use policy for such derelict water 
bodies is needed. 
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